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Minimum Guidelines for the Control of Individual Wastewater Treatment & Disposal Systems 
 
 
I.  Whereas, on July 18, 1978, the Board adopted a Policy on Discrete Sewerage Facilities, 

Resolution 7b-14, and; 
 
II. Whereas, the Board within Policy 3B of Resolution 78-14 expressed its intent to adopt 

guidelines by which it will judge the adequacy of local ordinances for the control of individual 
wastewater treatment and disposal systems, and; 

 
III. Whereas, this Regional Board finds the report entitled “Minimum Guidelines for the control of 

Individual Wastewater Treatment and Disposal Systems” fulfills the expressed intent of 
provision II above. 

 
IV. Whereas, this Regional Board, as part of its Policy on Discrete Sewerage Facilities prepared a 

negative declaration in accordance with the California Environmental Quality Act (Public 
Resources Code, Section 21000 et seq.) and the State Guidelines, and determined that there 
should be no substantial adverse change in the environment as a result of the project. 

 
V.  Whereas, on March 20, 1979, this Board held a public hearing and heard and considered all 

comments pertaining to this matter, and; 
 
VI. Whereas, this Regional Board has determined that there are no State mandated local costs 

under. Section 2231 of the Revenue and Taxation Code as a result of the foregoing regulation 
because such regulation is not an executive  regulation by virtue of Section 2209 of the Revenue 
and Taxation Code, and; 

 
VII. THEREFORE, BE IT RESOLVED that this Regional Board adopts the guidelines set forth in 

the attached document entitled “Minimum Guidelines for the Control of Individual Wastewater 
Treatment 6 Disposal Systems.”  

 
I, Fred H. Dierker, Executive Officer, do hereby certify the foregoing is a full, true, and correct copy 
of a Resolution adopted by the California Regional Water Quality Control Board, San Francisco Bay 
Region, on April 17, 1979. 

 
 
 

FRED H. DIERICER 
Executive Officer 
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PREFACE 
 
 
As the population of the Bay Area increases, demand for new development increases. In many cases, 
new development is occurring in close proximity to existing urban areas and within the service areas of 
existing municipal sewerage agencies. In an increasing number of instances, however, development is 
being proposed in outlying areas which cannot easily be served by existing sewerage agencies. In those 
instances new discrete sewerage systems (1970-approximately 94,000 [16] septic tanks & cesspools) are 
being proposed (i.e. new systems separate from existing public sewerage systems). The San Francisco 
Bay Regional Water Quality Control Board in 1978 adopted a Policy on Discrete Sewerage Facilities 
which sets forth the actions the Board will take with respect to proposals for Individual or community 
sewerage systems serving new residential development. An important provision of that policy requires 
the development of guidelines for the control of Individual wastewater treatment and disposal systems. 
The guidelines which are being proposed concentrate on septic tank - leachfield systems. The 
development of the guidelines involved the review of existing regulations, past practices, and the 
literature. Recommendations are made for technically defensible minimum guidelines for regulation, 
design, construction and operation and maintenance of septic tank-leachfield systems. 
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RECOMMENDED MINIMUM GUIDELINES FOR THE CONTROL OF INDIVIDUAL 
WASE TREATMENT DISPOSAL SYSTEMS 
 
Introduction 
 
Section 13269 of the California Water Code provides that a Regional Board may waive the 
filing of reports of waste discharge for certain specific types of discharge where such waiver is 
not against the public interest. Such waiver shall be conditional and may be terminated at any 
time by the Board. In the early 1960’s the Board adopted waivers for reporting certain septic 
tank discharges in all Bay Area counties except San Francisco and Marin. The Policy on 
Discrete Sewerage Facilities states the Board’s intent to review the matter of septic tank system 
discharge waivers. 
 
These guidelines have been developed to provide recommended minimum uniform regional 
criteria to protect water quality and to preclude the creation of health hazards and nuisance 
conditions which could result from the use of individual wastewater treatment and disposal 
systems (mainly septic tank systems). These guidelines will be used by the Regional Board to 
assist in deciding whether to renew, amend, or rescind existing waivers, or to issue new ones. 
Since the waivers must not be against the public interest, the Regional Board will examine many 
factors in addition to compliance with these guidelines. Some of these factors are: 
 

1. How at effectively are septic tank systems being regulated in the area under 
consideration, i.e. are they causing or threatening to cause water quality problems, 
nuisance, or health hazards. 

 
2. If septic tank systems are causing or threatening problems that are unacceptable, 

what mitigation measures are required to reduce impacts to acceptable levels and 
what are the impacts of the mitigation measures? 

 
3. If a waiver were not adopted in a specific area, what would be the probable effect 

on septic tank system regulation and on Regional Board workload? 
 

4. Evaluation of the capability of individual systems to achieve continuous, safe 
disposal of wastes requires detailed local knowledge of the area involved. The 
experience and recommendations of local agencies will, therefore, be an important 
input to the information upon which the Board will base its decision. 

 
There are great differences in the geology, hydrology, geography, and meteorology of the nine 
counties which lie partially or wholly within the San Francisco Bay Region. These guidelines 
represent minimum criteria generally acceptable for the construction and use of new individual 
wastewater disposal systems for single family residences. Sections of these guidelines may also 
be used to determine soil suitability for land divisions as well as for the construction and use of 
individual systems for other types of domestic discharges (i.e. church, school, etc.). Adherence 
to these guidelines does not guarantee acceptable operation of a system. 
 
These guidelines do not discourage a local agency from adopting and enforcing comparable or sore 
stringent regulations. Local Agencies are encouraged to adopt more stringent criteria when warranted by 
local conditions • Where local standards are more stringent they would take precedent over the minimum 
guidelines proposed by the Board. The Board does not intend to preempt local authority and will support 
local authority to the fullest extent possible. 
 
Scope 
 
The provisions of these guidelines apply to the regulation, design, construction, installation, 
operation & maintenance of septic tank and soil absorption systems • Guidelines are also 



  

  

provided covering the areas of cumulative impacts and the use of alternative systems. 
 

I. Design: 
 

A. Septic Tanks 
 

(1) Septic tank design shall be such as to produce a clarified effluent 
consistent with acceptable standards (Part 1 -Section of a Septic Tank, 
USPHS Manual ref. 6 or the Uniform Plumbing Code ref. 34) and shall 
provide adequate space for sludge and scum accumulations. 

 
B. Soil Absorption Systems 

 
(1) Dual leachfields shall be required for all new disposal systems. 

 
(2) The dual system shall consist of two fields each sized separately according 

to section I-B-5 and constructed according to section II-B (below). 
 

(3) The two fields shall be connected by a diversion valve which allows 
alternate use of the fields. It is recommended that each field use be 
alternated on a 6-12 month basis. A post card system may be used to 
inform the homeowner to turn the valve. 

 
(4) In addition, a reserve area, coinpatiablo with the life of the discharge, may 

be required by the Health Officer. 
 

(5) Absorption area, in terms of effective infiltrative surface, can be calculated 
from the following table. 

 
Maximum Effluent Loading Rates of Soil 
Absorption systems 

 
Percolation Rate mm/in (in/hr) Maximum Loading Rate (gal/Ft 2/day) 
 less than 1 system prohibited 
 1 (60) 1.58 
 2 (30) 1.24 
 3 (20) 1.0 
 4 (15) .86 
 5 (12) .82 
 10 (6) .64 
 20 (3) .45 
 30 (2) .3 
 40 (1.5) .26 

60-120    (l-.5)   .22 
 

*effective infiltrative surface includes the bottom area plus all but the upper six inches of 
gravel for the sidewall area. The minimum depth of gravel in the trench shall be twelve 
inches. 

 
 
 
 
 
 
 



  

  

(6) When non-standard percolation test holes are used adjustments to the percolation rates 
must be made using the adjustment factor contained in the following table. 

 
Percolation Rate Adjustment Factors 

  Adjustment factor Adjustment factor 
 for. for hole diameter 
 Hole diameter (hole diameter) plus pipe & gravel) 
4 inches 2.5 3.61 
6 inches 1.8 2.32 
12 inches 1.1 l.43 
14 inches 1.0 l.24 
 
 
1) 3 inch O.D. 1/4” perforated pipe 
2) 5 inch O.D. 1/4” perforated pipe 
3) 10 inch O.D. 1/2” perforated pipe 
4) 12 inch O.D. 1/2” perforated pipe 
 

example calculation 
 

If a 6” augured test hole measures 10 mm/inch, this corresponds 
to a 18 mm/inch standardized per. rate (10 x 1.8 18) 
 

C. Wastewater Generation for Individual Dwellings 
 

(1) To calculate the required absorption area, the minimum design shall be for 150 
gallons per day for a one bedroom dwe11ing~ for each additional bedroom or 
potential bedroom, add 150 gallons per day. 

 
(2) The use of water saving devices is encouraged. Where permanent devices are used, 

reduction of the 150 gallon per day per bedroom flow may be granted by the 
Health Officer where the Health Officer can enforce the continued use of the 
permanent water saving device. 

 
II. Construction Techniques 
 

A. Septic Tanks 
 

U) On-site disposal system construction plans shall be submitted to the Health 
Officer (as amended *) for review and approval. 

 
B. Soil Absorption Systems 

 
(1) Surface smearing of the infiltrative surfaces during construction shall be 

corrected by scarifying the infiltrative surfaces after excavation is complete. 
 

(2) Surface runoff shall not be permitted into open trenches during construction 
to limit siltation of the bottom area. 

 
(3) An effective barrier such as untreated building paper shall be provided to 

limit the entrance of fines from the soil backfill into the drainfield gravel. 
 

(4) Backfill shall be placed so as to maximize surface runoff and not crush drain 
lines. 



  

  

 
(5) Leachfield lines should be arranged in conformance with the USPHS - 

Manual of Septic Tank Practice (Section -Serial Distribution). 
 

C. Construction Inspection 
 

(1) All systems shall be inspected during construction by the Health Officer 
before the system is backfilled. 

 
III. Field Observations for Installation 
 

A. Percolation Test 
 

(1) A standardized procedure as discussed below shall be used to measure 
percolation rate. 

 
(a) Percolation tests are to be carried out (in soils in their native state) at 

the proposed depth of the soil absorption field. Percolation tests may 
be conducted at the bottom of backhoe or other excavation holes where 
deeper testing is required by the Health Officer. 

 
 

*   Hea1th Officer: means either the County Health Officer, other responsible 
administrators, or a regulatory agency approved by the Regional Board. 

 
(b) Individual tests are to be run in 12” square or 14” diameter holes dug or bored using 

hand tools. If power based tools are used remove any smeared soil surfaces from the 
sides of the hole. Although not recommended, where different diameter holes are 
used the percolation rate adjustment factors in Section 1(B) (6) must be used. 

 
(a) Remove loose material from the bottom of the hole and add 2 inches of coarse sand 

or fine gravel to protect the bottom from scouring. 
 

(d) If soils tend to collapse, place a perforated pipe (at least 12 inches in diameter) in the 
hole and carefully pack gravel around it between the pipe and the hole wall. (The 
percolation rate adjustment factor in Section 1(8) (6) must be employed when this 
method is used.) 

 
(e) Presoaking will be required in all tests.  The water shall be carefully placed within 

the hole. Water must be added to at least 8” in depth over the gravel and maintained 
at this level for at least 4 hours and preferably overnight. If the soil is known to have 
a low shrink—swell potential (clay content 15% or less) testing may proceed 
(Section F) after the 4 hour presoak. Soils with higher shrink-swell potential are to 
be tested the following day but within 24 hours of presoaking as follows. 

 
(f) Fill the hole with c lean water (no chemical additives) exactly 6 inches above the soil 

bottom (do not consider the gravel). With a float gauge or secure fixed reference and 
time piece determine the time for the water to recede exactly one inch or determine 
the drop of water after exactly 60 minutes whichever takes less tine. Refill and 
repeat the process until subsequent tests indicate a stabilized rate has been attained 
(i.e. three consecutive rates are within 10% of each other). Time lapse between test 
intervals should be minimal (5-10 mm.). Test results should be reported in units of 
minutes per inch. 

 
(2) At least three percolation tests shall be made in separate test holes spaced over the 

proposed absorption field. The average of the three tests shall be used for determining 
the appropriate loading rate from the table in Section I (B)(5). 



  

  

 
B. Septic Tank and Soil Absorption System Setbacks 
 

(1) The minimum distance (feet) between the septic tank -soil absorption system and 
various physical site features shall be as shown in the following table: 

 Septic Tank Disposal Field 
 All wells 50 100 
 All streams and waterbodies* 50 100 
 reservoirs* 100 200*** 
 cuts or embankments** 10  4h** 
 drainageway 50 50 
 
 

* Distancesare as measured from the top edge of stream banks or high water mark 
of lakes & reservoirs. 

 
**Distances in feet equals four times the vertical height of the cut or fill bank. 

Distance is measured from the top edge of the bank. Where an impermeable 
layer intersects a cut bank the setback shall be 100 feet. 

 
***See Section V (A) (1) for watershed protection requirements. 

 
 

(2) The minimum distances between the septic tank — soil absorption system and 
structures or legal site conditions should be consistent with the USPHS 
recommendations or other distances as determined by the Health Officer. 

 
C. Depth to Groundwater 
 

(1) Depth to the highest seasonal elevation of the water table, below the bottom of the 
leachfield trench, shall be as shown in the following table. 

 Percolation Test Rate Minimum depth (ft) to 
 (min/inch) seasonally high water table 
 greater than 5 3 
 between 1 and 5 20 
 less than 1 system prohibited 
 

(2) Demonstration of meeting -the depth to water table requirement should be 
through the use of (at least one) field observation hole (in the area of the 
proposed field) or through historical records acceptable to the Health Officer. 

 
D. Depth to Impermeable Layer 

 
(1) Depth to an impermeable layer (i.e. clay to solid granite), below the bottom 

of the leachfield, shall be 3 to 5 feet. 
 

(2) Demonstration of meeting this depth requirement should be through the use 
of a field observation hole, historical records acceptable to the Health Officer 
or a backhoe hole.  

 
E. Slope 

 
(1) Ground slope of the field shall not exceed 20%. 

 
(2) Variances may be granted by the Health Officer on a case-by-case basis 



  

  

where it can be demonstrated, through a technical report prepared by a State 
registered civil engineer (with soils and a geological background) or 
geologist, that use of a soil absorption system will not surface in the 
absorption field, or reserve area, create water quality problems, jeopardize 
contiguous properties, and affect soil stability. 

 F • Trench Spacing and Depth 
 

(1) The minimum spacing between trench walls shall be calculated as twice the 
effective depth (effective depth being the depth of drain rock below the 
pipe). 

 
(2) Because of potential construction hazards, design questions and questionable 

operation, the maximum depth of the disposal trench should not exceed 8 
feet. 

 
IV. Operation and Maintenance 
 

A. Septic Tank - Soil Absorption System 
 

(1) It is the responsibility of the Health Officer to assure that all systems within 
the county are maintained and operating satisfactorily. 

 
(2) All new systems shall be inspected at a frequency of at least once every two 

years to determine sludge and scum depths, observe evidence of surfacing 
effluent, and to assess general system operation. This inspection frequency 
may be waived on a case-by-case basis to a frequency of not less than once 
every five years where the health officer has determined that adequate 
operation and maintenance will be assured through other means. 

 
B. Septage Disposal 

 
(1) Continue existing practice of septage disposal at approved class II landfill 

sites and to wastewater treatment plants which will accept it. 
 

C. Correction of System Failures Utilizing Alternative Systems 
 

(1) Approval to use alternative systems to correct existing septic tank - soil 
absorption system failures may be allowed under the following conditions: 

 
(a) Where the Health Officer has approved the system pursuant to criteria 

approved by the Regional Board Executive Officer; 
 

(b) Where the Health Officer has informed the Regional Board Executive 
Officer of the proposed system correction; and 

 
(c) Where a public entity assumes responsibility for inspecting, 

monitoring and enforcing the maintenance of the system. 
 

D. Abandoned Individual Systems 
 

(1) Every individual system which has been abandoned or has been discontinued 
from further use or to which no waste or soil pipe from a plumbing fixture is 
connected shall: 

 
(a) Have the sewage removed from and disposed of in a manner approved 

by the Health Officer; and 



  

  

 
(b) Be either completely filled with material (concrete, etc.) approved by 

the Health Officer or be removed and disposed of in a manner 
approved by the Health Officer. 

 
V. Cumulative Impacts & Alternative Systems 
 

A. Watershed Protection 
 

(1) A cumulative impact assessment approach shall be considered for watershed 
areas which are susceptible to development utilizing septic tank — soil 
absorption systems. 

 
B. Mounding of the Groundwater Table 

 
(1) When considering a single septic tank — soil absorption system, the 

requirements of Section Ill-C depth to groundwater, Section III—D depth to 
impermeable layer, and Section Ill-F trench spacing are sufficient. 

 
(2) When considering areas where the ultimate density of systems is such that 

adverse impacts on water quality and/or public health may occur, a 
cumulative impact assessment approach should be considered. 

 
C. Lot Size (Density of Systems Within a Given Area) 
 

(1) A cumulative impact assessment approach should be utilized in establishing an 
allowable upper limit on the number of systems. 

 
D. Cesspools & Drainage Wells 
 

(1) Cesspools are prohibited from use. 
 

(2) Drainage wells are prohibited from use by the Regional Boards Resolution No. 01. 
 
E. Holding Tank 
 

(1) Holding tanks are prohibited from use. 
 

(a) Exceptions to this prohibition may be granted by the Health 
Officer: 

 
1. If it is necessary to use a holding tank in abating a nuisance and health 

hazard. 
 

2. If an area is within a sewering agency, sewers are under or proposed for 
early construction, there is capacity at the wastewater treatment plant 
the severing agency assumes responsibility for maintenance of the tank 
and contracts have been let. 

 
(b) Where exceptions are granted, the Health Officer must also approve the tank 

pumper. 
 
F. Alternative Systems (with subsurface disposal) 
 



  

  

(1) The Regional Board Executive Officer may authorize the Health Officer to 
approve  alternative systems when all of the following conditions are set: 

 
(a) Where the Health Officer has approved the system pursuant to criteria 

approved by the Regional Board Executive Officer; 
 

(b) Whore the Health Officer has informed the Regional Board Executive 
Officer of the proposal to use the alternative system and the finding made in 
(a) above; and 

 
(c) Where a public entity has met the responsibility for the inspection, 

monitoring and enforcing the maintenance of the system through: 
1. Provision of the commensurate and the necessary legal powers to inspect, 

monitor, and when necessary to abate/repair the system; and 
 
2. Provision of a program for funding to accomplish 1 above. 

 
G. Disclosure of the Wastewater Disposal System 
 

 (1)   There exists a genuine need to inform the potential or unknowing buyer of the homes 
wastewater disposal system. 

 
(2) The. following program is suggested in order to fulfill this needs 

 
(a) Prior to entering into an agreement of sale of any residential building, the owner o r, 

authorized representative should obtain from the City or County a copy of the original 
and any modifications of the septic tank - soil absorption system plans (where 
available); 

 
(b) The septic tank soil absorption system plans should be delivered by the owner, or 

authorized representative to the buyer or transferee of the residential building prior to 
the consummation of the sale or exchange. 

 
(3) Implementation of such a program could be through the adoption of a local ordinance by 

the septic tank system permitting authority, which imposes such conditions as part of a 
building permit, septic tank system permit or any renewal of the septic tank system permit. 

 
(4) To further encourage disclosure and to provide long term integrity of the individual 

wastewater treatment and disposal system, any county or other public entity which 
approves a subdivision or other division of land should require as a condition of its 
approval that the proponent, of the development provide assurances by way of covenants, 
conditions and restrictions or drainage or other easements that the septic tank—soil 
absorption system (including any reserve area) will be available solely for its original 
intended purpose for the lit, of the development. Regarding currently existing individual 
parcels, any county or other public entity which issues a septic tank system permit should 
include as a condition of the permit or otherwise by ordinance that the property owner 
provide assurances by way of covenants, conditions and restrictions or drainage or other 
easements that the septic tank-soil absorption system (including any reserve area) will be 
available solely for its original intended purpose for the life of the development. 
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I. DISPOSAL FIELD DESIGN 



  

  

I- (1) The Septic Tank and Soil Absorption System 
 

A schematic of a typical septic tank and soil absorption system is shown in figure 1 -
1. Wastewater flows from the home normally by gravity to a septic tank, which is a 
rectangular box constructed of a watertight material. The tank is basically or primary 
treatment facility where heavier solids settle to the bottom and accumulate as sludge, 
and the grease and lighter particles rise to the surface and form a scum. The clarified 
effluent then flows to a soil absorption field. 

 
A cross sectional view of a disposal trench is shown in figure 1 -2. Most commonly, 
trenches are about two feet wide and three feet deep. In typical construction (LJPC 
Appendix I, section 1 -6), coarse gravel is placed in the lower 12 Inches of the trench. 
A perforated distribution line with an additional 6 inches of gravel. The gravel is 
covered with permeable building paper and the excavation is backfilled. 

 
Infiltration vs. Percolation 

 
To minimize health risks the soil mantle must be able to accept and transmit household 
wastewater such that surfacing of effluent does not occur and microorganisms are rapidly 
eliminated from underground flows. Proper design of a soil absorption system requires an 
understanding of the rate of movement of water out of the trench and also through the soil 
mantle. These are quite different phenomena. 
 
McGauhey (3) has defined the rate at which liquid passes through the soil-water Interface at 

the trench wall as the infiltrative capacity of the soil, and the rate of movement of water in the 
soil system as the percolative capacity. McGauhey and Winneberger (2,3) indicate that the 
only time the two rates are the same is at the beginning of operation of the system and that the 
Infiltrative  rate ultimately governs the outflow of water. 

 
A typical infiltration rate curve, showing the three phases of the infiltration process over 
time is presented in figure 1 -3 (3). Phase 1, the initial decrease in permeability, is generally 
agreed to result f rom initial wetting of the soil (i.e., reduction of initial moisture potential). 

 
Phase 2, the temporary Increase in soil permeability, has been shown to result from the 
removal of entrapped air by solution In the percolating water. Phase 3, the long term 
decrease In permeability has been demonstrated to result primarily from microbial activity at 
the soil-water interface; note In figure 1-3 that the use of sterile soil and water shows no 
decrease in the percolation rate. This latter phase is highly important in the design of soil 
absorption systems as the long term infiltration rate governs the size of the trench needed to 
dispose of given household wastewater flows. 
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Microbial growth at the soil-water interface occurs within the first two i nches of soil. This 
growth results in a slime layer which greatly reduces the soil permeability within the zone. 
The filtration of suspended solids adds to this reduction of the naturally occurring soil 
permeability. These processes occur on a time scale of weeks while another biological 
process, the reduction of sulfate to ferrous sulfide, develops over months and years. This 
latter process can ultimately lead to highly impermeable conditions and to failure of the soil 
absorption system. 

 
Because of the reduction in the infiltration rate, the maximum percolative capacity of the soil 
is not maintained. In effect, the larger pores in the soil behind and under the clogged layer no 
longer transmit water as only the smaller flow channels are needed to carry the Infiltrating 
water. The movement of water only in the finer pores of a soil is synonymous with 
unsaturated flow, which is a characteristic of all percolating waters whether from a 
wastewater disposal trench or from rainfall. 

 
Thus far it has been implied that only the permeability of the slime layer determines the 
infiltration rate. To a large degree this is true. However, two other related factors are 
involved in fixing the infiltration rate from a disposal trench. One is the depth of water 
within the trench and the other is the moisture potential (suction) In the unsaturated zone. 
Logically the deeper the water is within a trench the greater the downward driving force and 
the faster the Infiltration rate. The manner by which moisture potential in the unsaturated 
zone affects the infiltration rate is not as straightforward. At saturation the moisture potential 
of a soil is zero, however, it increases as the soil water content decreases. In an operating soil 
absorption system the unsaturated zone is generally at field capacity with a corresponding 
moisture tension. This suction of water through the relatively impermeable slime layer can 
be an important factor in establishing acceptable infiltration rates particularly in fine grained 
soils. 

 
The infiltration rate in a soil absorption system is thus determined by three interdependent 
factors; 1) permeability of the slime layer, 2) moisture tension in the unsaturated zone, and 
3) depth of water in the disposed trench. To work properly the soil absorption system must 
operate such that these three parameters are in dynamic equilibrium and wastewater does not 
overflow the 

 
Design Criteria
 

 
To design a soil absorption system properly it is clear that some estimates must be made of 
the long term infiltrative capacity of the soil. Because this infiltrative capacity is highly 
dependent upon soil particle sizes and their distribution, the method used to predict long 
term infiltrative capacities must be site specific. In addition, due to the widespread usage of 
septic tanks and to individual installation, the test must be both simple and inexpensive. The 
only procedure which meets these requirements is the percolation test. This test simply 
involves digging or auguring a hole several feet deep, partially filling it with water, and 
observing the rate at which the water level drops. When standardized this testing procedure 
has proved to be quite adequate to characterize, the infiltrative capacity of a given site. 

 
Referring to figure 1 -3, it should be noted that the percolation test provides an estimate of 
infiltration rates occurring in Phase 1. Therefore, if a standard percolation test is used in 
sizing a disposal trench, a correlation must be made between Phase 1 infiltration and the long 



 

 

term acceptance rate in Phase 3. 
 

The rapid change in infiltration rates occurring in Phase I shows the need to standardize 
percolation testing procedures. This will be discussed in more detail in Section III—(l). 

 
The most important work that has drawn a correlation between percolation testing and long 
term infiltration rates was done in 1926 by Henry Ryon, an engineer with the New York 
State Engineers office. His results were subsequently verified by the U. S. Public Health 
Department in 1947-48 (6). Ryon simply went to communities in which soil absorption 
systems were failing and performed percolation tests at various sites. He also determined the 
loading rate of each system in terms of gallons per square foot of trench bottom per day. 
From this information he was able to correlate initial percolation rates with long term 
acceptance rates. Ryon’s correlation as well as USPHS data are shown in figure 1-4. 

 
This early work of Ryon’s and that of the USPHS imply that the bottom surface of a disposal 
trench is the important infiltrative surface. As shown in figure 1—2, the soil absorption 
system has two infiltrative surfaces; the horizontal bottom of the trench and the vertical 
sidewalls. A significant portion of the literature with respect to soil absorption systems has 
centered on a discussion of which infiltrative surface is the more significant and which 
should be used as a basis of design. 



 

 



 

 

In general these researchers have concurred that sidewalls are an effective infiltrative 
surface. However, recommendations for design run the spectrum from use of only sidewall, 
to only bottom, to a combination of the two. For example, Winneberger recommends that 
only sidewalls be used since he has concluded that the bottom surface becomes clogged (3). 
On the other hand Bauma argues that only bottom should be used particularly in areas in 
which soils are saturated for extensive periods as lateral moisture tensions are lowered 
during these periods (12). Finally, Healy and Laak (28) support the use of the total wetted 
perimeter (bottom plus sidewall surface) based on their concept of long term acceptance 
rates. 

 
To pursue investigation of this divergence of opinions, let us assume that infiltration is 
approximately the same for bottom and sidewalls. It would then be possible to make use of 
Ryon’s Correlation by adjusting his bottom loading rate calculations to include sidewalls. 
Investigation by Winneberger (21) found that the typical disposal trench in Ryon’s time was 
about 1 foot wide and had a gravel depth of 16 inches. This corresponds to an effective 
infiltrative area of 2.67 square feet per lineal foot of trench. Using this adjustment factor on 
Ryon’s original design curve, figure 1-5 shows a plot of loading rates for the entire 
infiltrative surface area versus percolation test rates. 

 
The assumption of approximately equal Infiltration rates of bottom and sidewall is not 
without substantiation as Bauma (12) has shown in field work that infiltration through 
bottom and sidewalls of disposal trenches are nearly equal. A plot of his data for bottom 
versus sidewall infiltration rates gives a slope of 0.96 with a correlation coefficient of 0.94. 
This is highly significant and strong evidence that the assumption is correct. 

 
Further substantiation of the reasonableness of the recommended adjustment of Ryon’s 
design curve comes from the work of various Investigators who have estimated long term 
infiltration rates of wastewater Into soil systems. The data points shown in figure 1 -5 provide 
a comparison of Ryon’s adjusted curve to estimates given by these investigators. Data is 
taken from infiltration studies of wastewater spreading ponds (3), lysimeter work of 
McGauhey and Winneberger at SERL (23), and a literature review by Healey and Laak at 
the University of Connecticut (4). 

 
The fact that Ryon’s adjusted curve fits the data of these other Investigations together with 
the evidence that bottom and sidewall infiltration rates are approximately equal, gives strong 
credence to the reasonableness of using total Infiltrative area in the design of soil absorption 
systems and the appropriateness of adjusting Ryon’s design curve. 
 
It now appears that a reasonable design curve expressing loading rates vs. percolation rates exists. However, 
in applying such a curve it becomes readily apparent that a factor of safety is necessary to prevent large 
amounts of ponded wastewater, within the trenches, from coming close to the ground surface. It appears 
reasonable to keep the ultimate ponding level within the trench at least 6 inches below the top of the gravel 
and ultimately 1.5 feet below the ground surface. This then leads to use of the effective infiltrative surface, 
Figure 1-6, for design purposes. 
 
The fact that large amounts of ponded wastewater could exist within soil absorption systems also raises a 
number of concerns relative to the public health and potential water quality impacts. In trying to address these 
concerns one may ask the question: Will designing the soil absorption system at the suggested loading rates 
provide for long term operation of the system? 
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A review of t he literature on this subject indicates that system performance is usually expressed in the form of 
survival curves, showing the percentage of failures of the soil systems in relation to the age of the system. In 
studies conducted by the United States Public Health Services (13) the Robert A. Taft Engineering Center 
reported the results of numerous detailed surveys of existing septic tank systems in various parts of the 
county. As indicated by their survival curves, the best survival rate was 70% after 12 years. Along this sane 
line of thinking, Hill and Frink (33) evaluated the longevity of 2,845 septic tank systems within Connecticut. 
They found the average half—life to be 27 years. Based on this discussion it appears that there is a finite life 
to continually loaded systems. 
 
At this point one now wonders how to achieve a system that could potentially provide for long term operation. 
A review of the literature indicates that there are two key points which could allow for indefinite operation:
 
(1) System Maintenance; and (.2) Dual Systems 
 

(1) System Maintenance 
 

Although a septic tank can normally function for several years without pumping, the sludge and scum 
accumulation will eventually build up to a point at which detention time is reduced, suspended solids are 
ineffectively removed and the soil system is clogged to a further degree by carryover of solids. Studies 
(13) have indicated that removal of accumulated sludge by pumping at intervals of from 3 to 5 years, 
with wore frequent removal of scum, will normally be required for proper performance., Variations in 
sludge and scum accumulation rates, however, indicate that the pumping period should be established by 
system inspections. The concept of system maintenance will be further discussed in section IV 
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(2) Dual Systems  
 
Most data pertinent to the relation of loading and soil clogging has been developed 
from studies of surface infiltration ponds. Field observations (3) have led to the 
conclusion that approximately equal periods of loading and resting are required for 
surface spreading ponds. The effect of alternate weekly periods of loading and 
resting of infiltration ponds applying sewage effluent (primary) to Yolo loam at 
Lodi, California (3) again demonstrated the fact that soil resting ( i.e. draining and 
reestablishment of an aerobic system) will lead to recovery of a large percentage of 
the soil’s original infiltrative capacity. Reestablished infiltrative rates averaged 7 to 
10 times the observed equilibrium infiltration rates. 
 
Experiments by McGauhey, et al (3) under anaerobic conditions (continuous soil 
loading) produced clogging of the type observed in the field. In his work 
Winneberger discovered that the black layer at the surface of the soil system was 
due to Ferrous Sulfide precipitated by anaerobic degradation of sulfates and did not 
represent, as previously assumed, the depth to which the organic matter penetrated 
the soil. The organic mat itself was found to be confined to a layer of .5 to 1cm as 
compared to the 5 to 10cm penetration of ferrous sulfide. A key finding of 
Winneberger’s work was that when the soil system was allowed to drain, ferrous 
sulfide clogging was quickly overcome by the oxidation of sulfide to sulfate In the 
presence of atmospheric oxygen and that during subsequent loading cycles the 
soluble sulfate was carried away by the percolating water. 
 
In conclusion, with regard to soil absorption systems, Winneberger et al (23) found 
resting to be beneficial in restoring the infiltrative capacity. Their findings indicate 
that partial recovery of the initial infiltrative capacity of a soil does not require 
drying, but that draining is necessary to reestablish the aerobic system. Full 
recovery capacity required days rather than hours in the resting cycle, just as 
observe d with surface ponds. 
 
Conclusions 
 
Review of studies on water and sewage spreading on the surface of soils has led to a 
number of conclusions. 
 
1. Any soil continuously inundated with either fresh water or with sewage 

effluents exhibits a typical die-away curve of percolation rates with time. (3) 
 
2 The time-percolation rate curve reaches essentially the same steady-state 

magnitude regardless of whether water or sewage effluent is the percolant (3) 
and a reduced long term acceptance rate ensues (4). 

 
3. Soon after a septic tank system is put into use, ponding of effluent continues to 

rise because of decreased Infiltration vertically and horizontally, caused, by the 
development of a slime layer on the soil surfaces (3). 

 
4. Clogging of a soil is essentially a surface phenomenon and drying and resting of 
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a spreading ground restores much of its infiltrative capacity (3). 
 

5. The bottom Infiltrative surface area of a soil absorption system is an effective 
Infiltrative surface, figure 1-6. 

 
6.. The total wetted perimeter of the soil absorption system should be used as the 

effective infiltrative surface for design. 
 

7. The flow of wastewater effluent through the soil surrounding the soil absorption 
system is unsaturated (12). Only during extended rainfall events will soils at the 
effective sidewalls of a disposal trench become saturated. 

 
8. The expected life of the soil system is finite and that It appears this life may be 

extended through the use of dual systems. 
 

Recommendations 
 

Based on the above conclusions, it is recommended that the following criteria be 
used as minimum guidelines for the design of soil absorption systems. 

 
(1) Design curve as shown in figure 1-5 (utilizing the wetted perimeter-effective 

Infiltrative surface figure 1-6). 
 

(2) The ultimate ponded level of wastewater within the trench be kept 6” below top 
of gravel and that there be a 12” backfill above top of gravel. (i.e. the effective 
sidewall infiltrative surface does not include the first 6” of gravel, figure 1.6.)  

 
(3) Dual fields be utilized and operated on a 6-12 month cycle.  

 
I-(2) Wastewater Generation 
 

If a soil absorption system is to have an equivalent degree of reliability as a sewerage 
system it must be designed for the largest potential flow. The number of individuals 
residing in a specific home and their personal water use habits determine the amount 
of wastewater generated. Since a number of different families will most probably 
occupy a given home it has proven most efficient to require that soil absorption 
systems be designed according to the number of bedrooms in the home.’ A design 
basis of 150 gallons per day per bedroom as recommended by the Public Health 
Service (6), has proved satisfactory in practice. 

Estimation of flow from public buildings, commercial establishments, and 
recreational facilities is more difficult to predict. Aids for estimating these flows are 
included in a number of readily available references (6, 17, 31). 

 
Recommendation 

 
It is recommended that a value of 150 gallons/bedroom/day be used for design of s oil 
absorption systems. Potential bedrooms should also be considered for design 
purposes. 
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I-(3) Drainfield Replacement Area 
 
The probability of disposal field failures requires that provision be made for correction of 
such failures and/or replacement of the disposal field. An area equivalent to 100% of the 
initial disposal field should be set aside for this purpose. This area should be so defined and 
reserved for this specific purpose and all incompatible uses should be permanently 
prohibited. 
 

Recommendation  
 
Since it was recommended in the section covering absorption capacity of the soil that at a 
minimum a dual soil absorption system be utilized (i.e. 100% design per side) it does not 
appear necessary to have any reserve area. 
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II. CONSTRUCTION TECHNIQUES 
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II-(l) Construction Techniques 
 
Careful construction is important in obtaining a satisfactory septic tank-soil absorption system. The 
standardization of septic tank construction requirements and the use of precast concrete septic tanks has 
essentially eliminated construction caused difficulties with this unit. It is the soil absorption system 
which is most ‘susceptible to damage through poor construction practices. 

 
Recommendation 

 
The USPHS manual (6) provides a good discussion of construction practices and it is recommended that 
as a general rule they be followed. However, listed below are the four key points which should be 
followed in the construction of a soil absorption system. 

 
(1)Surface smearing of the infiltrative surfaces during construction shall be corrected by scarifying 

the trench walls and bottom after excavation is complete. 
 

(2)Surface runoff shall not be permitted into open trenches during construction to limit siltation of 
the bottom area. 

 
(3)An effective barrier such as straw or untreated building paper shall be provided to limit the 

entrance of fines from the soil backfill into the gravel. 
 

(4)Backfill shall be placed so as to maximize surface runoff and not crush drain lines. 
 
II- (2) Construction Inspections 
 

Adequate inspection and control of septic tank system construction Is necessary. Since the system is 
completely buried, post-construction inspection is meaningless. Therefore, unless the system is inspected 
during construction, the entire responsibility for acceptable construction practices lies with the 
contractor. This is unacceptable. 

 
While it is improbable that any one system would suffer from all the construction problems as described 
in section II-(l), nearly every system is affected to some degree. Adequate inspection during construction 
will serve to eliminate the worst problems. 

 
Recommendation 

 
It is recommended that every system be inspected during construction by personnel approved by the 
Health Officer before the system is backfilled. 
 
 
 
 
 
 
 
 
 
 
 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III. FIELD OBSERVATIONS FOR INSTALLATION 



 

  

Field Observations

A number of physical site characteristics affect leach field performance. These include soil permeability, 
depth to groundwater and depth to an Impermeable layer. Land slope and the proximity of an absorption field 
to wells or surface waters also affect performance. Each of these parameters are unique to a given site and 
must be measured in the field and evaluated relative to other existing and proposed contiguous developments 
before a disposal system can be properly designed. The following discussions with respect to each of these 
site characteristics are intended to provide the basis for recommendation which are made at the end of each 
section. 
 
III- (l) Percolation Test 
 
In order to determine if a leach field system is appropriate for a given site, some method must be employed to 
quantitatively measure the percolative capacity of the soil. If conducted carefully by experienced personnel, a 
standard percolation test will fulfill this need. 

As is indicated in figure 1 -3, the infiltration rate drops off rapidly when a soil is first wetted. Measurement of 
the infiltration rate during this initial period can lead to significant overestimates of a soil’s percolative 
capacity. An initial period of wetting is therefore required to bring the soil to the quasi equilibrium point 
which separates phase 1 and 2 infiltration. 
 
In developing a design curve of wastewater loading versus percolation test rate; Ryon used a standardized 
percolation testing method very similar to the procedure recommended below. In it a hole diameter of 14 
inches is used. Other diameter auger holes significantly alter percolation test results. While we strongly 
recommend use of a standard test hole, other sizes could be used if a correction factor were incorporated to 
adjust observed percolation rates to those that would be obtained from a standard 14 inch diameter hole. This 
adjustment factor is based upon two items 1) The volume of water contained in one vertical inch of the test 
hole, and 2) the average Infiltration surface area. Also the assumption is made that infiltration rates per unit 
area are independent of hole diameter. The following equation can then be derived: 
 Adjustment Factor Ts    =  Vs    *    Ao 
                                     T0 V0         As 
 

S = subscript for standard test hole 
0 = subscript for test hole used (observed) 
T = time for water level to drop 1 inch 
V= volume of water in 1 vertical inch of the auger hole 
A = average infiltrative surface area. 

 
The adjustment factors for various diameter test holes have been calculated using the above equation and our 
contained in the table below. 
 
Aside from adjusting percolation rates for various hole diameters, adjustments must also be made to 
percolation rates where recommendation (d) below is utilized. That is, where a pipe and gravel backfill are 
used to stabilize the test hole in soils that tend to collapse, the water volumes in the vertical inch must be 
adjusted accordingly. Adjustment factors to account for use of pipe and gravel are also included in the table 
below. 
 
While at best these adjustment factors are estimates, their use is much better than making no correction for 
test hole diameters. 
 
 
 
 
 



 

  

 
Percolation Rate Adjustment Factors 

  Adjustment factor Adjustment factor 
 for. for hole diameter 
 Hole diameter (hole diameter) plus pipe & gravel) 
4 inches 2.5 3.61 
6 inches 1.8 2.32 
12 inches 1.1 l.43 
14 inches 1.0 l.24 
 
 
1) 3 inch O.D. 1/4” perforated pipe 
2) 5 inch O.D. 1/4” perforated pipe 
3) 10 inch O.D. 1/2” perforated pipe 
4) 12 inch O.D. 1/2” perforated pipe 
 
example calculation 
 
If a 6” augured test hole measures 10 mm/inch, this corresponds  
to a 18 mm/inch standardized per. rate (10 x 1.8 = 18) 
 
Recommendation 
 
It is recommended that a standard percolation test be utilized to measure the percolative capacity of the soil. It 
is further recommended that the following be the standard percolation test (21). 
 
(a) Percolation tests are to be carried out (in soils in their native state) at the proposed depth of the soil 

absorption field. Percolation tests may be conducted at the bottom of backhoe or other excavation holes 
where deeper testing is required by the Health Officer. 

 
 
(b) Individual tests are to be run in 12” square o r 14” diameter holes dug or bored using hand tools. If power 

tools are used remove any smeared soil surfaces from the sides of the hole. Although not recommended, 
where different diameter holes are used, the percolation rate adjustment factors noted above must be 
used. 

 
(c) Remove loose material from the bottom of the hole and add 2 inches of coarse sand or fine gravel to 

protect the bottom from scouring. 
 
(d) If soils tend to collapse, place a perforated pipe (at least 12 inches in diameter) in the hole and carefully 

pack gravel around it between the pipe and the hole wall. Percolation rate adjustment factors noted must 
be employed when this method is used. 

 
(e) Presoaking will be required in all tests. The water shall be carefully placed within the hole. W ater must 

be added to at least 8” in depth over the gravel and maintained at this level for at least 4 hours and 
preferably overnight. If the soil is known to have a low shrink-swell potential (clay content 15% or less) 
testing may proceed (section F) after the 4 hour presoak. Soils with higher shrink-swell potential are to 
be tested the following day but within 24 hours of presoaking as follows. 

 
(f) Fill the hole with clean water (no chemical additives) exactly 6 inches above the soil bottom 
(do not consider gravel). With a float gauge or secure fixed reference and time piece, determine the time 
for the water to recede exactly 1” or determine the drop of water after exactly 60 minutes which ever 
takes less time. Refill and repeat the process until subsequent tests indicate a stabilized rate has been 
obtained (i.e. three consecutive rates are within 10% of each other). Time lapse between test intervals 
should be minimal (5-10 mm.). Test results should be reported in units of minutes per inch. 

 



 

  

(g) At least t hree percolation tests shall be made in separate test holes spaced over the proposed absorption 
field. The average of the three tests shall be used for determining the appropriate loading rate from 
Figure 1-5. 

 
III- (2) Depth to Groundwater and Setback Distances 
 
Proper performance of on-site wastewater disposal systems depends upon the ability of the soil mantle to 
absorb and purify the wastewater. Two distinctly different phases of travel are involved in the drainage of 
septic tank leach fields: (1) the movement of percolating water down through the unsaturated zone and (2) the 
lateral movement of water through saturated soils below the water table. The efficiency of bacterial and viral 
removals in each of these phases is quite different. 
 
Unsaturated Flow 
 
As noted in section I-i, the presence a. relatively impermeable biological slime layer at the soil/water 
interface establishes unsaturated flow through the soil mantle. Infiltration becomes a function of the 
permeability of the slime layer, the moisture potential (suction) in the unsaturated zone, and the head of 
water in the trench. In order f or the leach field to operate properly these interdependent variables must be in 
equilibrium such that water does not surface. 
 
High water tables can affect this balance. In areas with a large depth to groundwater, the moisture potential 
down through the soil column stays constant at a tension corresponding to the field capacity of the soil until 
the capillary fringe above the water table is encountered. Below this point soil moisture increases to 
saturation at the water table and correspondingly moisture tensions decrease to zero. 
 
For cases in which the capillary fringe is above the trench bottom, the reduction (n soil moisture tension 
results in decreased infiltration rates. This can be a problem particularly in fine grained soils where surface 
tension and capillary action principally control infiltration. In such instances maintenance of the capillary 
fringe below the trench bottom is very important. Without this provision, wastewater will rise in the trench to 
compensate for reduced suction. Ultimately, the system may fail with surfacing effluent. 
 
The height of the capillary fringe is dependent on the soil particle size. For example, capillary rise ranges 
from a fraction of an inch in gravel, to a foot in sand, to several feet in clay. On this basis a minimum depth 
to groundwater of 2 to 3 feet is necessary to maintain the hydraulic capacity of the soil mantle. 
 
From a hydraulics standpoint, the existence of a water table at the level of the leachfield in porous soils may 
be quite acceptable. However, the occurrence of a large volume of essentially unpurified septic tank effluent 
close to the surface of the ground, subject to surfacing under adverse conditions represents a public health 
hazard. This in itself is cause to require a minimum depth to groundwater. 
 
Of more importance to either hydraulics or close proximity of contaminated water to the land surface is the 
effectiveness of bacterial & viral removals in the unsaturated zone. There are a number of factors which 
cause this phenomenon, all of which are related to the fact that flow only occurs in the finer pores. 

(1) Flow of liquid in unsaturated soil proceeds at a much slower rate than in saturated soils. These longer 
detention times allow for substantial bacterial dieoff. For example, time to travel one foot in sandy 
loam at saturation takes about three hours whereas at field capacity eight days are required. 

(2) Flow in only the smaller pore spaces enhances filtration of bacteria whereas many of the larger 
interstices used in saturated flow would allow organisms to pass through. 

(3) Under unsaturated conditions air continues to migrate through the soil profile and thereby maintains, 
the oxidation processes in the zone which have been noted as being particularly important in bacterial 
kills. (4) Finally the large ratios of surface area to water volume occurring in the finer interstices 
increases bacterial and particularly viral adsorption onto soil particles. 
 

A review o f the literature shows that for most soils nearly complete bacteria and viral removal occurs in 
the first 3 to 5 feet of unsaturated soil. Thus, the zone of unsaturation is very important in soil minimizing 
the travel of pollutants. 

 
The following graph taken from a review article by Romero (5) indicates that soils with particle sizes less 



 

  

than .0.08 mm show nearly complete removals of bacteria in the first several feet of soils. Bacterial 
removals in soils with particle sizes between 0.08 mm and 0.25 mm are variable, with effective removals 
occurring in the range of 5 to 20 feet. Soils with particle sizes greater than 0.25 mm do not show effective 
bacterial removals. Table 111-1 summarizes these travel distances and indicates the approximate 
percolation test rate which corresponds to each soil particle size. Recommendations with respect to 
minimum depths to groundwater will be made based on this data. 

 
 

 
 
 
 
 

FIGURE 111-1 Biological pollution travel in nonsaturated materials (5). 
 
 
 
 
 

Table 111-1 GRAIN SIZE AND BIOLOGICAL POLLUTION TRAVEL 
 

 Soil Particle Size Travel Distance Percolation 
 (effective diameter*)  Test Rate 
  
 0.08mm less than 5 ft 5 mm/inch 
 0.25mm between 5 and 20 ft 1 mm/inch 
 
 
 
 

*Hazen’s effective size is commonly used to characterize soils because it has been shown to be the 
hydraulically effective size. Hazen observed that the hydraulic resistance of unstratified sand beds 
was left relatively unaffected by size variation so long as the 10 percentile remained unchanged. 

 
 
 

Saturated Flow 
 

Once percolating wastewaters reach the groundwater table flow shifts horizontally. In the saturated phase 
bacterial end viral removals continue to be effective but to a considerably lesser degree than that possible 

 



 

  

in unsaturated flow. The distance bacteria travel through the saturated zone has been shown to be 
proportional to both the physical/chemical characteristics of a soil (filterability) and the initial 
concentration of organisms (3). Travel has been shown to be limited to less than 100 feet except in areas 
with coarse sand and gravel or where fissures allow channeled flow. Most septic tank codes, therefore, 
require a 100 foot separation between leach fields and water wells. 

 
In establishing this setback requirement it was necessary to provide for the protection of public health 
while at the same time being reasonably fair to the landowner who wishes to have his own source of 
domestic water. With such a tradeoff there does exist a risk that pathogenic organisms will travel the 100 
feet to a water well. To minimize this risk, the unsaturated zone between the leach field and groundwater 
table is important as the numbers of organisms reaching the groundwater can be greatly reduced if not 
eliminated in this region. The logic being to minimize the number of organisms reaching the saturated 
zone and consequently the distance they will travel in lateral groundwater’ flows. 

 
Recommendations 

 
Depth to Groundwater 

 
It is recommended that the depth to the highest seasonal elevation of the water table, below the bottom of 
the leachfield trench, be as given in the following table. 

 
 

Percolation Test Rate 
(mm/Inch)  

minimum depth (ft) to  
seasonally high water table 

greater than 5 .  3 
between 1 and 5             20 
less than 1 system prohibited 

 
 

Setback Distances 
 
It is suggested that the setback distances presented in Table 111-2 be used as minimum standards. It is also 
suggested that setback distances from foundations, large trees, property boundaries, swimming pools, etc. be 
consistent with USPHS Recommendations or other distances as determined by the Health Officer. 
 

TABLE 111-2 MINIMUM SETBACK REQUIREMENTS (FEET) 
 Septic Tank Disposal Field 
All wells 50 100 
All streams and 
waterbodies* 

50 100 

resevoirs* 100 200*** 
cuts or embankments** 10 4h** 

Drainage way 50 50 
*Distances are as measured from the top edge of streambanks or high water of lakes and reservoirs. 

 
**Distance in feet equals four times the vertical height of the cut or fill bank. Distance is measured 
from the top edge of the bank. Where an impermeable layer intersects a cut bank the setback shall 
be 100 feet. 

 
***See requirements for watershed protection. 

 



 

  

 
III-(3) Depth to Impermeable Layer 
 
At least three to five feet of good percolative soil should exist between the bottom of the disposal  trench and 
any impermeable layer to allow for absorption, filtration and movement of the septic tank effluent in such a 
manner so as not to hinder the operation of the soil absorption system. 
 

Recommendation 
 
It is recommended that there be three to five feet of good percolative soil (1-120 mm/in) below the bottom of 
the disposal trench. 

 
 
 III- (4) Slope  
 
Excessive slopes affect the initial construction of the soil absorption system and can create a number of 
serious problems in the subsequent operation and maintenance of the systems. It has been noted (14) that 
slopes of less than 15 - 20% usually do not create serious problems in either the construction or maintenance 
of the absorption field provided the soils are otherwise satisfactory. On steeper slopes, controlling the 
downhill flow of effluent may be a serious problem. Septic tank effluent may surface at the base of the slope 
creating a public health hazard. This type of situation may develop where an impervious layer exists near the 
surface and allows effluent to run laterally down the slope to subsequently surface (Figure 111-2) 

FIGURE 111-2 A leach field on a steep slope where there is a layer of dense clay, rock, or other impervious 
material near the surface is unsatisfactory. The effluent will flow above the impervious layer to the hillside 
soil surface and run unfiltered down the slope (14). 

Recommendation 

It is recommended that the maximum ground slope not exceed 20%. It is also recommended that the Health 
Officer be allowed to grant variances on a case-by-case basis where it can be demonstrated through a 
technical report prepared by a State registered civil engineer or geologist, that use of a soil absorption system 
will not create a public health hazard, water quality problem or jeopardize contiguous properties. 

 



 

  

It is further recommended that the recommendations of the United States Public Health Service Manual (6) 
(Section - Serial Distribution) be followed in arranging the leachfield trenches. 
 
 

Where an impermeable layer intersects a c ut bank, effluent may surface at the intersection. 
To avoid public health and water quality problems, a setback of 100 feet based on 
bacteriological removals, should be required. This has been incorporated into the 
footnotes in the setback Table in section III- (2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV. OPERATION AND MAINTENANCE 



 

  

IV- (l) Operation and Maintenance  
 

It has been the experience of the Board that water quality and public health problems 
can result when soil absorption systems are used in unsuitable areas. Failure of such 
systems may occur due to use in unsuitable areas, inadequate design, faulty 
construction or to inadequate operation and maintenance. Adequate local ordinances 
establishing minimum standards for the control of soil absorption systems should help 
prevent the first cause of failure. However, relative to the second cause of failure, no 
matter how well the system is designed and constructed, it cannot be expected to 
perform satisfactorily unless adequate operation and maintenance is provided. At 
present, this operation and maintenance is provided by the homeowner. However, 
homeowner operation and maintenance Is generally inadequate since few owners are 
concerned with the functioning of the system so long as it is not causing problems. 
Since the chief source of trouble is failure to have the tank pumped regularly, it is 
obvious that failures resulting from inadequate operation and maintenance can be 
easily prevented. However, the question of who provides the adequate operation and 
maintenance still remains to be answered. Considering that failure of a septic tank soil 
absorption system creates both a public health hazard and water quality problems, or, 
at the very least, a public nuisance, it falls, i n our opinion, within the public purview 
to regulate the operation of such systems to insure proper maintenance. In order for 
such public regulation to provide the desired results, both a qualified staff end a well 
thought out financing program are necessary. 

  
Recommendation  

 
Assurance that septic tank soil absorption systems are maintained in a satisfactory manner 

should be the responsibility of the Health Officer. It is recommended that the septic 
tank - soil absorption system be inspected at a minimum of once every two years. 
The recommended Inspection frequency is based on the fact that removal of 
accumulated sludge and scum usually occurs at intervals of from 3 to 5 years, with 
more frequent removal of scum. However, the variations in sludge and scum 
accumulation rates indicate that the pumping period should be established by 
periodic inspections. Therefore the biennial inspection frequency was recommended. 

 
It is also recommended that the Health Officer be given the authority to waive the 
inspection f requency to not less than once every five years, on a case-by-case basis, 
where he/she determines that adequate operation and maintenance will be provided 
through other means (ie. large lots, proof of septic tank pumping etc.). 

 
Finally, it is recommended that the Health Officer developed a program with 
appropriate staffing and financing to insure proper maintenance. 

 
IV – (2) Septage Disposal 
 

Septic tanks are emptied of excessive accumulations of sludge and scum by suction 
pumping through a hose into a tank truck affectionately referred to as a “honey 
wagon.” The pumped contents of the septic tanks has been given the name “Septage.” 



 

  

Septage is a highly variable anaerobic slurry with characteristics that include large 
quantities of grit, grease, high offensive odor, the ability to foam, poor settling and 
dewatering, high solids and organic content, and quite often, an accumulation of heavy 
metals (32). Given these characteristics it is obvious that the improper disposal of 
septage can pose both public health and water quality problems. Responsible practice 
in communities utilizing septic tanks requires adequate planning for proper disposal of 
septage in order to avoid problems associated with unauthorized and unsupervised 
disposal. 

 
Existing Disposal Practices 

 
Septage (i.e. Septic tank pumpings) is classified by the California Administrative 
Code, Section 2521(a), as a Group 2 Waste of Municipal and Industrial Origin. 
Section 14020 of the California Water Code (CWC) requires all liquid waste haulers 
to be registered by the State Water Resources Control Board. Section 14040 of the 
CWC requires that the Regional Board approve sites suitable for the disposal of the 
different kinds of liquid wastes. Section 2500 - 25010 of the State Health and Safety 
Code requires the Health Officer to approve pumpers and disposal sites. 

 
At present septage is disposed either at an approved sanitary landfill or a municipal 
sewage treatment facility capable of accepting such wastes. A list of the landfills 
within Region 2 which have been approved for accepting such wastes is shown in 
Table IV-l. Although these sites can accept such wastes, limits are imposed on the 
total quantity they may accept since septage has a high moisture content. A listing of 
the municipal sewage treatment facilities accepting septage is shown in Table IV-2. 
Although the listed facilities are accepting septage at the present time, their ability to 
accept septage should be checked with the Regional Water Quality Control Board or 
the municipality as their approval status changes from time to time. 

 
Recommendation 

 
Existing practices appear to be adequate. Therefore, at this time we do not recommend any 

changes. 
 

TABLE IV-l 
APPROVED CLASS II SANITARY LANDFILLS 

 
Contra Costa County 

(1) Acme Fill, End of Arthur Road, Martinez, CA 
 
Marin County 
(1)  Borello Disposal, Pt. Reyes Station, CA 
(2) Martinelli Sanitary Landfill Pt. Reyes, CA 
 
Santa Clara County 
(1) Mt. View Shoreline Park Mt. View, CA 
 
Alameda County 
(1) Eastern Alameda County - Livermore 
(2) Turk Island Company - Union City 

 



 

  

 
TABLE VI-2 

MUNICIPAL SEWAGE TREATMENT PLANTS ACCEPTING SEPTAGE 
 
 
 
Counties 
 
Alameda - None 
 
 
Contra Costa - Central Contra Costa S.D. 
 
 
San Mateo - None 
 
 
Santa Clara - San Jose/Santa Clara, Cities of 
 
 
Solano - None 
 
 
Sonoma - Sonoma Valley County S.D. 

City of Petaluma 
 
 
Marin - None 
 
 
Napa - Napa S.D. 

City of St. Helena 
 
 
 
 

 
 

 

 
 

 

 
 

 

 



 

  

 

 
 

IV-(3) Correction of Soil Absorption System failures Trouble Shooting 
A systematic method should be employed when trying to determine why the soil 
absorption system and/or the house plumbing fails to operate properly. A number of 
problems may be caused by the house plumbing and these should be corrected first. 
What follows is a list of problems and the most likely cause. Additional information 
will be found In the USPHS Manual (6). 

 
Type of Problem Most Likely Cause 

 
Lush growth of grass  Leach field located in poorly drained soil  
and/or    or in unsuitable type of soil. 
wet spot(s) in the Field too small. 
leach field area. Field improperly installed. Distribution box tipped so 

that only part of the field is working. 
Field partly blocked with solids from septic tank. 
Roots from trees or large shrubs blocking distribution 
line(s). 
Field in area that is too steep, has high water table, or is 
over impervious soil or ledge rock. 
One or more distribution lines crushed or 
tipped out of alignment. 

 
Lush growth of grass  Tank too small. 

and/or Tank needs cleaning or servicing.  
wet spot in area of  Improperly designed tank. 

septic tank. Obstruction in outlet to the distribution box needs 
cleaning. 
Leach field not operating properly (See above). 

 
Waste Water drains Obstruction in individual fixture drain from fixtures 
slowly and/or trap. 

and/or Obstruction in house sewer. 
Waste Water back up in  Roof vent stack too small or may be partly  
drains and/or fixtures.  blocked with frost in cold weather. 

Septic tank too small and/or needs cleaning. Leaching 
field not operating properly (see causes above). 

 
Odor from sewage Roof vent stack too small or partly blocked  
system in bathroom  with frost in cold weather. 
or laundry. Seal on the toilet flange cracked or broken. Loss of 

water In the fixture traps. Roof vent stack too low or in 
a positions that at certain times the wind can blow down 
the stack. 

 
 
 
 
 
 

 



 

  

As is evident from the above discussion on trouble shooting there are a number of different types of 
problems or failures. Along with this, there are a number of different causes of the problems. The causes 
can be broken down into two distinct classes: 
 
(1) Failure due to improper design and or physical site characteristics; and 
 
(2) Failure due to improper construction, maintenance and or operation. 
 
Adequate local ordinances should help prevent the first cause of failure and periodic inspections by local 
agencies or establishment of maintenance districts should help prevent the second cause. 
 
However, application of this approach to areas with existing soil absorption systems is complicated. For 
example, systems may have been installed in areas of poor physical site characteristics due to the lack of 
a proper local ordinance and the systems are now failing. In situations such as this, the most likely 
solution would be sewering the area. However, costs for such an alternative may prove prohibitive in 
which case other comparable less costly alternatives should be considered. 
 
Recommendations 
 
The following question usually arises in searching for a comparable less costly alternative: Can 
alternatives such as evapo-transpiration, mounding, composting, incinerating, and gray-water systems be 
used to eliminate system failures. 
 
In answer to the above question, it is recommended, depending on the cause of the failure, that such 
alternative systems should be considered in searching for a solution to septic tank - soil absorption 
system failure. The final approval to use such systems should, however, be based on the following 
conditions: 
 
(1) That the Health Officer approve the system pursuant to criteria approved by the Regional Board 

Executive Officer; 
 
(2) That the Health Officer inform the Regional Board Executive Officer of the proposed system 

correction; and 
 
(3) That a public entity assume responsibility for inspecting monitoring and enforcing the maintenance 

of the system. 
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V. CUMULATIVE IMPACTS & ALTERNATIVE SYSTEMS 



 

  

V- (l) Mounding of the Groundwater Table 
 

The natural drainage capacity of the underlying geologic material depends on the soil percolative capacity, 
the depth to the groundwater table (saturated soil), the depth to an impermeable layer, and the hydraulic 
gradient. The application of septic tank effluent to the soil system will increase the excess water percolating 
to the groundwater table and a groundwater mound will develop, as figure V-i shows. For example, a given 
site where the percolative capacity may seen reasonable may have a low gradient and a shallow 
groundwater table and the groundwater mound may reach the surface. Therefore, the buildup of the 
groundwater mound in relation to the soil surface should be known. 

 
There are two general cases where the concern of surfacing effluent arises. 

 
(1) Areas with a low density of soil absorption systems; and 
(2) Area with a high density of soil absorption systems. 

 
Low Density Areas 

 
In areas where the density of soil absorption systems is relatively low (le. for all intents we are considering 
a single soil absorption system) the question of surfacing effluent is addressed through the use of trench 
spacing requirements, depth to groundwater and depth to impermeable layer. From both a treatment & 
hydraulic point of view we see the need for a minimum depth to groundwater (section 111-2) and a 
minimum depth to an impermeable layer (section 111-3). The final controlling factor is trench spacing. 
From a theoretical point of view (3), in an Idealized system, the infiltrative capacity would equal the 
percolative capacity of the soil and water entering the system on a vertical plane would leave the system 
through a horizontal plane, as figure V-2 shows. From a practical point of view, trench spacing depends on 
the ability of the soil column between trenches to remain stable during construction. In septic tank system 
practice this spacing has traditionally been 6 ft. on center. This fact can be shown by reviewing existing 
county practices, section VI. 

 
Recommendation 

 
It is recommended that the minimum trench spacing be calculated as twice the effective depth of the 
sidewall Infiltrative surface, as figure V.2 shows. This recommendation is also in general agreement with 
the USPHS recommendations. 
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High Density Areas 
 

In areas where the ultimate density of soil absorption systems is such that adverse impacts on water 
quality and/or public health might occur the need for an assessment of the cumulative impacts 
of these discharges arises. An approach to identifying candidate assessment areas as well as an 
approach for conducting these assessments is presented in Appendix D. The requirements of 
trench spacing, depth to groundwater and depth to an impermeable layer still apply. 

 
V- (2) Lot Size Requirements 
 

As shown by the comparison of county codes made in section VI all but one county requires a 
minimum lot size or presents a relationship between landslope and minimum lot size. This type of 
approach may be appropriate from the stand point of zoning or residential questions but such an 
approach is not appropriate from the stand point of determining allowable ultimate densities of 
soil absorption systems. A more suitable approach is to evaluate the affect or cumulative impacts 
of soil absorption systems on local groundwater, surface water resources and on the publics’ 
health and thereby establish an allowable upper limit on the number of systems. This type of 
approach was suggested in section V-i covering mounding of the groundwater table. Further 
details are presented in Appendix B. 

 
V-(3) Watershed Protection 
 

Where septic tank systems are proposed for these lands, the potential hazard to a public water 
supply justifies the adoption of more stringent design criteria. Although the factors involved are 
highly variable and not amenable to precise definition, it is possible to establish criteria which are 
sufficiently conservative to justify their use in this situation (13). Of importance is the assurance 
that septic tank effluent will travel a sufficient distance through the soil mantel, over a long time, 
in order to eliminate any significant danger of reservoir contamination, that the capacity of the 
soil system is not overburdened by the number of soil absorption systems and that a public 
agency is responsible for the operation and maintenance of all the systems. 

 
Assurance that the first concern is adequately controlled is covered by the recommendations of 
section 111-2 “Depth to Groundwater and Setback Distances.” 

 
Assurance that the second concern is adequately controlled can be given by conducting a 
cumulative impact assessment. 

 
Recommendation 

 
It is recommended that the cumulative impact assessment approach (Appendix B) be used in 
watershed areas which are susceptible to development proposing to utilize soil absorption 
systems. 

 
V- (4) Cesspools and Drainage Wells 
 

Cesspools are covered open-joint walled pits dug into the soil. Cesspools receive raw sewage 
from which solids settle to the bottom and undergo anaerobic decomposition. The liquid portion 
of the sewage seeps out through the walls of the pit. These pits require deep porous soils to 
provide sufficient absorption area. However, deep soils with deeper water tables or impermeable 
layers are rare occurrences. 

 
The use of wells for the purpose of disposing of effluent from septic tanks or for disposing of 
surface. runoff from streets or highways was disapproved by the Regional Board in its Resolution 
No. 81 (Appendix C). 



 

  

 
Recommendation 
 
It is recommended that cesspools be prohibited since they provide inadequate treatment and 
questionable disposal of wastewater. 
 

V- (5) Holding Tanks 
 

Holding tanks are sealed tanks to which sewage is piped and retained. A truck equipped with a 
pump empties the holding tank and hauls the contents to a treatment plant or a land disposal site. 

 
The holding tank concept originated as a temporary means of sewage disposal pending the 
Installation of public sewers, however, the concept has been considered for allowing development 
to take place in areas unsuitable for septic tank leachfield systems. 

 
Holding tanks require regular service and maintenance to prevent their malfunction and overflow. 
The yearly cost for maintenance alone for a family of four ranges from $1,200 to 2,000. If a 
holding tank is used as a temporary facility and the sewerage facilities are not implemented then 
the homeowner is faced with and extremely high cost for waste disposal. 

 
Recommendation 

 
In view of the potential problems that could arise from the use of such systems It is recommended 
that holding tanks be prohibited from use. 

 
Exceptions to this prohibition may be granted by the Health Officer: 

 
(1) If it is necessary to use a holding tank in abating a. nuisance and health hazard. 

 
(2) If an area is within a sewering agency, sewers are under or proposed for early construction, 

there is capacity at the wastewater treatment plant, the sewering agency assumes 
responsibility for maintenance of the tank and contracts have been let. 

 
Where exceptions are granted, the Health Officer must also approve the tank pumper. 

 
V- (6) Alternative Systems 
 

Since large portions of the Bay Area have soils with severe soil limitations and therefore are not 
suitable for the Installation of conventional subsurface sewage disposal systems, a number of 
alternative systems are being proposed to allow for development. For a discussion of the various 
alternative systems being proposed one should refer to the State Water Resources Guidance 
Manual for Rural Areas (26). Whether or not any of these systems will be acceptable for a given 
application will depend upon the specific system proposal and specific soil and geohydrological 
characteristics of the proposed site. It should be kept in mind, however, that there are many sites 
where no individual sewage disposal system may be acceptable. 

 
Recommendation 

 
It is recommended that the Regional Board allow for the use of a1ternative systems under the 



 

  

following program: 
(1) The Regional Board Executive Officer may authorize the Health Officer to approve 

alternative systems when all of the following conditions are met: 
 

(a) Where the Health Officer has approved the system pursuant to criteria approved by the 
Regional Board Executive Officer; 

 
(b) Where the Health Officer has informed the Regional Board Executive Officer of the 

proposal to use the alternative system and the finding made in (a) above; and 
 

(c) Where a public entity assumes responsibility for the inspection, monitoring and 
enforcing the maintenance of the system through: 

 
1. Provision of the commitment and the necessary legal powers to inspect, monitor, 

and when necessary to abate/repair the system; and 
 

2. Provision of a program for funding to accomplish 
1 above. 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VI COMPARISON WITH COUNTY CODES 



 

  

VI- (1)  Comparison of County Codes with Staff Recommendations
 

Table Vii presents a comparison of existing county code requirements with those recommended 
by the staff as well as those recommended by the United States Public Health Service. The 
following conclusions of the key requirement elements of concern can be drawn from the 
comparison made in Table Vii. There are also a number of minor differences in some of the 
other requirement elements. However, discussion of these has not been included since it is 
expected they can be easily handled. 

 
As pointed out in the introduction, the recommended guidelines represent minimum criteria 
generally acceptable for the use of Individual waste disposal systems. Adherence to these 
guidelines does not guarantee acceptable operation of a system and the guidelines do not 
preclude a local agency from adopting and enforcing more stringent regulations. 

 
Percolation Test 

 
None of the procedures are standardized. Changes are necessary in all existing codes to 
standardize the test. 

 
Drainfield Requirements 

 
One key point evident from review of Table VI-l Is the fact that four out of eight counties either 
require or strongly recommend the use of a dual system (alternating fields). 

 
Table VI-2 has been developed to provide a comparison between the staff recommendations and 
existing practices within the counties of the Bay Area. In order to compare the design 
requirements on a fairly uniform basis a three bedroom home in a soil with a percolation rate of 
10 mm/In was utilized. The different trench design requirements for each county make exact 
comparisons difficult, but, relative comparisons between the different code requirements can 
adequately be shown. 

 
Table VI-2 indicates that when reviewing County codes on the basis of Total Square Footage of 
Infiltrative Area required (this includes reserve area), all county codes require equal or greater 
square footage staff recommendations. However, following the staff recommendations for use of 
dual fields and design based on both bottom and side infiltrative areas, may require a number of 
changes In existing codes. 

 
Inspection and Maintenance 

 
As shown within Table VII, only Mann and Solano counties require Inspection of the system on 
a continual basis. We consider the lack of such an inspection program a major weakness of the 
county codes. The staff recommendation for inspection on a biennial basis requires modification 
of a majority of the Bay Area county codes. However, without such a program health hazards, 
nuisance conditions and water quality problems will continue to prevail and hamper the suitable 
use of Individual wastewater treatment and disposal systems. 



 

  



 

  



 

  

 



 

   



 

  

 
 
 
  
 





APPENDIX A

DEFINITIONS

Absorptive Qualiti~s -Characteristics of soil which are reliited to its
ability to allow moisture to pass through it. These characteristics include
soil texture, structure, and swelling characteristics.

Aerobic -(1) Conditions with oxygen gas as a part of the environment.
(2) Living or acting only in the presence of air or free oxy!~en. (3) Pertain-
ing to the activity of organisms that grow under aerobic conditions, such
as aerobic decomposition.

Alternative Systems -As defined in the State Water Resource~. Control Boards
"Action Plan: Alternative Wastewater Management Systems", alternative
systems are defined as a set of water management devices for collecting,
treating, and disposing of domestic wastewater, but not including conventional
devices, such as gravity-operated collection sewers and centralized
mechanical treatment plants. Alternative systems are divided into two
classes, Available (ie. those than can be bought on the open market or
custom -constructed) and Acceptable (ie. those that have a documented record
of successful experience or have shown themselves to be successful after
testing by a creditable, unbiased agency.).

Anaerobic -Living or functioning in the absence of air or fr'ee oxygen.

Beneficial Uses -Shall mean those qualities in waters of the state that may
be protected against quality degradation that include, but are not necessarily
limited to, domestic, municipal, agricultural and industrial supply; power
generation; recreation; esthetic enjoyment; navigation; and preservation
and enhancement of fish, wildlife, and other aqlJatic resources or preserves.

Board -Shall mean the Regional Water Quality Control Board, San FranciscoB-ay-R;egion. .

~ -As a soil separate, the mineral soil particles less than 0.002
millimeter in diameter. As a soil textural class, soil material that is
40 percent or more clay, less than 45 percent sand, and less than 40
percent silt.

Community Systems -Collection sewers plus treatment facilities serving
multiple discharges under separate ownership/ such as package plants or
common septic tanks plus disposal facilities such as evaporation ponds or
leachfields.

Contamination -Shall mean an impairment of the quality of thl= waters of
the state by waste to a degree which creates a hazard to the public health
through poisoning or through the spread of disease. "Contamination" shall
include any equivalent effect resulting from the disposal of waste, whether
or not waters of the state are affected as defined in Section l3050(k) of
the California Water Code.
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Cut or Embankment -A::y d1~cc:rr.ab1y r;~an--made area ~f land sur~face having a
slope greater than the adjacent natural ground surface, (this may also
include steep natural grcund surfaces) and any part of which is lower in
elevation than the ground suiface at the nearest point on -the boundary of
the septic tank system.

Diversion Valve -device used to enable alternate use of each half of the
leachfield system. For system layout refer to the San Mateo County
Environmental Health and Welfare Department's schematic entitled "Three
El ements of individual Sewage Disposal Systems .';

Drainfield Boundary -An imaginary line that encloses all leaching lines
within the drainfield area, and is four feet distance from any point on the
centerline of the open-jointed leaching line piping.

Drainageway -Shall mean an unlined channel, with definite bed or banks5 that
conveys stormwater runoff and provides surface hydraulic continuity with
either perennial or ephemeral streams.

Dosing Tanks -Tanks which collect treated sewage for a period of time and
then, periodically, discharge it into an absorption area so that the
distribution is equal throughout the entire absorption area.

Effective Grain Size -The size corresponding to 10 per cent on the grain
size curve (°10).

Effective Sid-ewall"Area -The area available for infiltration shall be
the vertical trench wall area starting 6" below the start of the drain rock.

Field Capacity -The amount of water held in the soil after the excess
gravitational water has drained away and after the rate of downward movement
of water has materially decreased.

GleySoil- A soil horizon in which waterlogging and lack of oxygen have
caused the material to be a neutral gray in color. The term 'Igleyed'l is
applied, as in "moderately gleyed soil" to soil horizons with yellow and
gray mottling caused by intermittent waterlogging.

Ground Water (Perched) -Unconfined ground water separated from an under-
lying body of ground water by an unsaturated zone. Its water table,is a
perched water table. It is held up by a perching bed whose permeability
is so low that water percolating downward through it is not able to bring
water in the underlying unsaturated zone above atmospheric pressure.
Perched ground water may be either permanent, where recharge is frequent
enough to maintain a saturated zone above the perching bed, or temporary,
where intermittent recharge is not great or frequent enough to prevent
the perched water from disappearing from time to time as a result of drainage
over the edge of or through the perching bed.

Hardpan -A hardened or cemented soil horizon or layer. The soil material
may be sandy or clayey and may be cemented by iron oxide, silica, calcium
carbonate, or other substances.

Impermeable Layer -A geologic formation which may contain water but is
incapable of transmitting significant quantities. For example, clay and
solid granite belong in this category.
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!ndividual Systems -Systems for an individual home such as eptic tank and
leachfield systems.

Leachfield -See soi absorption system.

Mainten~D_i_s!!~ -An entity established to own, monitor, inspect, and
maintaln individual treatment and disposal systems. Pursuant to Chapter 3
(commencing with section 6950) to Part 2 of Division 6 of the Health and
Safety Code on site wastewater disposal zones may be formed which have
broader powers than those described above.

M~ximum Loadinq Rate -The maximum amount of se\llage effluent (in gallons/day)
that can be applied to the wetted perimeter of t:he disposal trenches
(measured in sq./ft. of surface). The maximum loading rate is a function
of the percolation rate determined for the soil where the drainfield will
be excavated and constructed.

Mottling, Soil- Irregularly marked with spots of different colors that vary
in number and size. Mottling in soils usually indicates poor aeration and
lack of drainage. Descriptive terms are as follows: Abundance -few, common
and many; Size -fine, medium, and coarse; Contrast -faint, distinct and
prominent. The size measurements are these: Fine -less than 5 millimeters
(about 0.2 inch) in diameter along the greatest dimension; Medium -ranging
from 5 millimeters to 15 millimeters (about 0.2 to 0.6 inch) in diameter along
the greatest dimension; and Course -more than 15 millimeters (about 0.6
inch) in diameter along the greatest dimension.

N~tura} Soil Drainag_e -Refers to the conditions; of frequency and duration
of periods of saturation of partial saturation 1:hat existed during the
development of the soil, as opposed to altered drainage, which is commonly
the result of artificial drainage or irrigation but may be caused by the
sudden deepenng of channels or the blocking of drainage outlets. Seven
different classes of natural soil drainage are recognized.

Excessively drained -Soils are commonly very porous and
rapidly permeable and have a low water-holding capacity.

Somewh~! exc~ssively drained -Soils are also very
permeable and are free from mottling throughout their prlDfile.

Well drained -Soils are nearly free from mottling and alre
commonly of intermediate texture.

~oderatelywelldrained -Soils commonly have a slowly plermeable
layer in or immediately beneath the solum. They have uniform
color in the A and upper B horizons and have mottling in the
lower Band C horizons.

Somewhat poorly drained -Soils are wet for significant IDeriods
but not all the time, and in Podzolic soils commonly havle mottlings
below 6 to 16 inches, in the lower part of the A horizon and in
the Band C horizons.
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Poorly drained -Soils are wet for long periods and are light gray and
generally mottled from the surface downward~ although mottling
may be absent or nearly so in some soils.

Very poorly drain~ -Soils are wet nearly all the time. They
have a dark gray or black surface layer and are gray or light
gray with or without mottling in the deeper parts of the profile.

Nuisance -Shall mean anything which (1) is injurious to health or is indecent
or offensive to the senses, or an obstruction to the free use of property so
as to interfere with the comfortable enjoyment. of life or property, and (2)
affects at the same time an entire cOn1nunity or neighborhood, or any
considerable number of persons, although the extent of the annoyance or damage
inflicted upon individuals may be unequal, and (3) occurs during or as a
result of the t1reatment or disposal of wastes as defined in Section 13050(m)
of the California Water Code.

Percolation -The downward movement of water through soil.

Permeability -The quality of a soil horizon that enables water or ai)' to
move through it. Terms used to des'cribe permeability are as follows: very
slow, slow, moderately slow, moderate, moderately rapid, rapid and very
rapid.

Pore Space -The fraction of the bulk volume or total space within soils
that is not occupied by solid particles.

Porosity, Soil -The degree to which the soil mass is permeated with pores or
cavities. Porosity can be generally expressed as a percentage of the whole
volume of a soil horizon that is unoccupied by solid particles. In
addition, the nlJmber, sizes, shapes and distribution of the voids is
important. Generally, the pore space of surface soil is less than one-half
of the soil mass by volume, but in some soils it is more than half.
The part of the pore space that consists of small pores that hold water by
capillary is called capillary porposity, the part that consists of larger
pores that do not hold water by capillary and free drainage is called
noncapillary porosity.

Public Entity -Shall mean a local agency, as defined in the State of
California Government Code, Section 53090, et seq., which is empowered to
plan, design, finance, construct, operate, maintain, and to abandon, if
necessary, any sewerage system or the expansion of any sewerage system and
sewage treatment facilities serving a land development. In addition, the
entity shall be empowered to provide permits and to have supervision over
the location, design, finance, construction, operation, and maintenance
of any facilities necessary for the disposal of waste pumped from
individual sewage disposal systems and to conduct any monitoring or
surveillance programs required for water quality control purposes (unless
there is an existing public entity performing these tasks).
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~ -Individual rock or mineral fragments in soils ha'.Jing ~jic.!1:e!,;r:; ;.i!'iij;;l:;
from 0.05 to 2.0 millimeters. Most sand grains consl.st of qlJartz, but
they may be of any mineral composition. The textural class name of any
soil that contains 85 percent or more sand and not more than 10 percent clay.

Saturation -Occurs when the void spaces between soil particles fill with
water, and is a relatively short process.

Septic Tan~ -Shall mean a water-tight, covered "receptacl,e designed and
constructed to receive the discharge of sewage from a building sewer,
separate solids from the liquid, digest organic matter and store digested
solids through a period of detention, and allow the clarified liquids to
discharge for final disposal.

Seepage Bed -A type of absorption system which u~e~ a v~ry ,,-,ide trench
partially filled with gravel or crushed stone. Plplng dlstrllbutes the
treated sewage evenly throughout the entire bed so that it may seep into
the earth. The seepage bed is covered with soil to prevent ~iewage from
reaching the ground surface.

Seepage Pit -Shall mean a covered pit designed to permit treated sewage to
infiltrate into the surrounding soil.

Serial Distribution -An arrangement of an absorption area irl which the
1 i nes are connected consecutively to receive the flow of sewctge one after
another. It is most useful on building lots with rather steep slopes,
such as those on hill-sides.

Soil Absorption System -Shall mean any system that util izes. the soi 1 for
subsequent absorption of the treated sewage; such as an absorption trench
or seepage bed.

Silt -Individual mineral particles in a soil that range in diameter from
~upper limit of clay (0.002 millimeter) to the lower limit of very fine
sand (0.005 millimeter). Soil of the silt textural class is 80 percent or
more silt and less than 12 percent clay.

Structure, Soil -The arrangement of primary soil particles into compound
particles or clusters that are separated from adjoining aggreates and
have properties unlike those of an equal mass of unaggregated primary soil
particles. The principal forms of soil structure are -platy (laminated),
prismatic (prisms with rounded tops), blocky (angular or subangular), and
granular. Structure1ess soils are (1) single grain (each grain by itself,
as in dune sand) or (2) massive (the particles adhering together without
any regular cleavage, as in many claypans and hardpans).

Standard Trench Absorption Area -One type of an absorption system. It
is the purpose of the trenches to allow the treated sewage to seep into
the soil. Standard trenches consist of continuously perforated pipe or
short lengths of pipe laid with gaps between them. As the effluent flows
down the piping, it seeps out the holes in the pipe or the gaps between
the pipes all along the trench. The pipes or tiles are placed in gravel
and covered with earth.
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Swelling -Is caused by intrusion of water into individual soil particles,
and is a slow process, especially in clay-type soils, requiring a long
soaking period.

Technical Report -Where slopes in excess of 20% are proposed for use,
substantiating detailed technical data shall be provided to demonstrate
that sewage surfacing will not occur throughout the drainfield and expansion
areas and contiguous properties. This data shall include but shall not be
limited to soil percolation rates, contours, soil depth, seasonal groundwater
elevations, location of all existing or proposed ground cuts, rock formations
and soil stability. Soil stability shall be discussed in reference to the
drainfield foundation, surrounding terrain and adjacent properties. Slopes
in excess of 50% should not be considered.

Texture, Soil -The relative proportions of sand, silt and clay particles
in a mass of soil. The basic textural classes in order of increasing
proportion of fine particles are sand, loamy sand, sandy loam, loam, silt
loam, silt, sandy clay loam, clay loam, silty clay loam, sandy clay, silty
clay and clay. The sand loamy sand, and sandy loam classes may be further
divided by specifying "coarse", I'fine", or "very fine.I'

Topography -Natural ground surface variations or contours of the earth's
surface.

Usable groundwater -Shall mean a groundwater body with a reasonable potential
for domestic, municipal, or agricultural use as defined by the Board.

Waters of the State -Shall mean any water, surface or underground, included
within the boundaries of the state.

~ter Table -The highest part of the soil or underlying rock material that
is wholly saturated with water. In some places an upper, or perched, water
table may be separated from a lower one by a dry zone.

Wetted Perimeter -Bottom infiltrative area plus and allowance for side
infiltrative area. See figure 1-6.
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(Initial Screening)Phase I:

Determine all distinct areas within a County whei~e existing c:onditions and (;1
land use and zoning ailow for residential development with SE!ptic tank systems
as the primary means for handling the treatment and disposal of wastewater.

Phase II: (Final Screening

Answers to the following questions should be determined for E!Very initial
area identified in Phase I.

(i.e.1) Are the soils suitable for the use of septic tank sys;tems?
percolation rates)

(If yes what is depth)(2) Is there groundwater within the area?

(3) What are the existing and future beneficial uses of 9lroundwater?

(4) Will the land use and zoning and/or existing septic t:ank approval
practices allow for a high density of systems? (High density:
1 system/2 acres)

(5) What is the existing density of systems in the area alnd what is
the extent of existing water quality and/or public health problems?

(6) What are the County Health Department & Planning Depalrtment
recommendations?

A staff report with answers to the above questions and the recolTBnendations of
the Section leaders for every initial area identified as to 1:he need for
cummulative assessment will be submitted to the Executive Ofi'icer (E.O.).
The Section leaders should work closely with County Health and Planning
Departments in completing their reports. The E.O. will review all staff
reports and approve final cnadidate areas.

Information Sources:

(a) Answers to all the above questions should be available.fy'om the
County Health Departments

(b) Answers to questions 4, 5, and 6 shoul.d be available from the County
or City Planning Departments.

4.6 -



CUMULATIVE IMPACT ft.SSESSMENTS

Objective:

The goal of the cumulative impact assessment is to assist in defining the
liquid carrying capacity of the soils within specific areas of every County
where the ultimate density of individual wastewater treatment and disposal
systems is such that adverse impacts on water quality or public health
might occur.

Approach:

The following described approach should be used as a guide in making an
assessment of cumulative impacts~

I . Data AcquisitiQn:

(1) Mapping

Detailed maps of the study area depicting the following';

Study area boundaries;
Topography with suitable contour intervals;
Roads, lots, and other man-made features;
Wells, springs & streams;
Slide areas and soil types;
Known faults and their activity;
Flood-prone areas;
Vegetation;
land use projections, including density distribution in
future years; and
Seasonal groundwater level maps & contours of nitrate
concentrations.

(2) Hydrogeology

Local information on rainfall, runoff, infiltration, deep
percolation, springs, streams, flow, soils, and well logs
should be gathered to determine the extent of upper soil layers
and probable groundwater movement patterns & profiles.

(3) Water Quality

Water Quality data should be gathered within the study area to
determine the extent of any existing septic tank failures and
to develop base line data for the area. Sampling for total &
fecal coliform organisms, MBAS & nitrates should be conducted
on surface & groundwaters and on suspicious seeps. The
frequency of sampling should at a minimum be sufficient to
characterize water quality within the area and sufficient to
check for compliance with Basin Plan objectives. The extent of
existing and future beneficial uses of all groundwat~r should be
clearly defined.
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I I. Data S nthesis, Eva1uatic1: ana Re:orl"rner.datjars

1) Evaluation of Liquid Carrying Capatity

The cumulative capacity of an area to absorb septi,c tank effluent
is dependent upon physical, geological and hydrological features.
The critical element in determin'~ng the areas carr.ying capacity
with respect to wastewater disposal is the total absorptive
capacity of the land~ The absorptive capacity of any particular
parcel maybe quite different from the average or total for the
entire area. The absorptive capacity of each parcel may be
thought of as being proportional to the total volume of absorptive
materials underlying the parcel~ Therefore a reprl~sentative
sampl i_ng of parcel s and their respective absorptive capacities
should be conducted. Based on this sampling the absorptive
capacity of the total area can then be estimated.

The absorptive capacity of the total area can be e!;timated
through determination of the available water holding capacity
of the s,011 (i~e. porosity) and determination of the following
factors which govern the water balance on the area.

Per capita wastewater flows
Effluent losses through surface evaporation/1:ranspiration
of lateral and downward movement
Seasonal changes in groundwater levels
Land use projections, including density distribution
Rainfall, runoff, infiltration & deep perco12ltion rates.

(2) Evaluation of Public Healtfl and Water lications

Once the capacity of the soils to accomodate both the wastewater
effluent and the natural drainage water has been defined estimates
of the probabi 1 i ty that effluent may surface or miglrate into a
well and/or stream should be made. Having these estimatest the
probable and actual implications on water quality and public
health should then be made.

(3) Development of Reconmended Densities

The cumulative assessment approach just discussed points out the
need for defining the overall liquid carrying capacity of the
soil system. This general constraint must then be translated
in terms of specific land units which have an acceptable level of
public health and water quality impact.
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APPENDIX C

r:XPJ.JU~ATIOtJ OF BOJiliD POLIG'f
A..TIill

P~LUTlOn l~\'). 81, ST.;'lTPJG THE BO':.wr'S POLICY'--=~-= ';' --
a~ SE.\"ER Ju'ffi DR..\r~'J";.c;!::: y'1:i':T.J"c.:

The US9 of ,veIls for the purpose of disposing of effluent from sept:Lc
tanks or for disposinG of surface I'UllOff from streets or highv/ays, has for sO~le
time been a matter of study and investigation by this Bo5rd. j,s the result of
such studie3 and investii;;8.tions the Board. has, with certain exceptions, become
greatly concerned ovcr the continuation of such practiccs. SomE: of the reasons
for this concern are as follows:

a. The ur.derground waters have been and V\rill continue to be a most
llnportant source of supply for doIrlestic, agricultura.l and industrial

use. The economy of the Region is to a large extent built around
the use of these underground )vaters. It is, therefore, ess~ntial
that the ba~in s and the y;ater therein be protected against any con-
ditions that Eight impair their use as a source of viater supply.

b. Wells us(;d for disposal of septic tank efj:luent or the disposal of
surface runoff from s"treets or highv"lays by-pass the normal processes
of nature v;hich occur at or near the surface of the soil. Pl;1nts
take up vTater and dissoJ.v~d snbsta.nces throu[::h thcir root systems.
Tl~C)nspiratj.on, evaporation, and capillal~y action are also at V1Ol~k.
A cow'entio~a]. scptic t[;nl( with n properly designed and constructed
leachu1g field laid out horizontally near the surface of the ground
permits the application of septic tank affluent over a relatively
large area without imposing any apprecj.able pressure and, except
for periods ~Then the soil is saturated, the 17aste is retained in the
surface soil in which surface phenomena are able to exert their bene-
ficial influence. On the other hand, 1':ells of the type under con-
sideration discharge Vlithin a relatively small area and. under a
pressure head or potential pressure head ,fhich injects Yfaste into
sub-surface strata rapidly and unchanged in chemical quality. .~.

c.

It is not practicable to control the quality of septic ta~~ effluent
or street drainage nor to eliminate dissol"led chemical substances or
liquids which, if permitted to enter the ground ..ater, would deny use
of such vlater for domestic purposes becaase cf taste, odor, or un-palatability. 

For similar reasons ground water pollution has occu~d
due to the introduction oi cnemical substances \~hich render~d it illl-
fit for irrigational and higher industrial uses.

The only practi.cal method of controlling underground water pollution
is by preventing it in the first place. Unlike surface pollution
v/hicr~ is susceptible of detection and correction in its early staGes
underground water pollution is not usually noticed until the damage
is done and rapid abatement of such underground ,vater pollution is

impractical.

d.
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Underground water poJ.lution affects not only the ..vater itself but the
undereround storage uasirl as welle The iJ:1p-racticabili ty ef fl u~bing
out St1.ch .? ~torage ba...in or separating onE; portion of it f!'offi a...~o~her
by cons.i:.l~~tio:1 of dc:!!":s or otilC:'".ii~e ole=:?'1~.g it up is ret.diJ.~r a.ppar-
ent. 'I'h.e damage> 011;:;9 dona, illJ.Y be lcrjg l.?~'::.irlg 0.." pe~;arlen"l:.,

e.f.

PollutiGn 01' unde~'g"r'ound wat.e~G a.."1d tr.e stora::;e 'b.'lsj.n its(?l::: I!:.'3.jr ~on-
tinue for' year~ '/rl1.11,,',:.t t bei.r.g c~e-'.;f:~~ed. ReJ.;;";..i ."c; y s;:all o.llaI:lt.~ ~j.es
of some pollut.:mt::; may be irltrod'.1t.e1 to -1l:1:ie-r-sroU!11 wat.ers by su,:'~
wells over a long per:i.od of tline and event'~ally cause cumula1:.ive damage
of large proportions.

Wells discrJarging cfflue~t from septic tan1-~s or surface runoff from
st.reets and hig)lways reay Ca'.lR~ poJ_l~tion OT~ undergro'U:1d basins regard-
less of whether thc ground ,vater is at p~e~6~t ~v~ll belo~~ the bottom
of such ,'tells. The ground .f~,ter may rise during cycles of highe~ pre-
cipitation or due to thc dischargine of ,vater 01 s~.tisfactory quality
into the undergro~nd basL~ throlig:1 properl)- controlled percolation
beds or recharge wells. The underground basj,rJs should $ therefore, be
maintained in good condition at all tir:-.GS to permit their probable
future use fcr Yfater stc:race.. The ~se of such controlled recharging
practices will undontt':;':lly inr.;l~c~se in -(.hl; fut.ure as the demand for
more undere;roun,j ,rater st.oj.~.::ge i:lcreases.

g.

~Vith the purpose j.n mind of p~ot~ct.i~g a~d p:':'es'.':TVing the quality of the
undergroundvlaters in this Region frvm po~l~ti~n, the Board has adopted the follow-
ing resolution:

***

RE30LUTION 1-10. 81

STATD,~m{T OF POLICY ON SE~i~R Alill DR:tII~AGE 'yELLS

BE IT RESOLVED, that this Reeional ",";ater Po:..lution Control Board dis-
approves the construction and use of \vc:iJ.s fvr t he purpose of dif:posing of e::flu-
ent from septic tank.s or surface runcff f;,'om S't.:-sets or highVi(l:;-~ excGpt ,..herc .,'
such vlells discharge into a formation \'lhi.::h at no ti.-ne Vli+l co!l~ain groUI"!d i'later'
fit for domestic, ?gricultural, or industrial use. :

JO~r:~ S.. LO1'Ja."iELL
Cha5_rr:!an

Decanber 20', 19.51

I, John B. Harrison, h~reby certify that tht3 foregoj!1g is a true a.'1d correct copy
of ResoJution l~o~ 81 a:ld adopt(;..j by the Regio)'~al lvater Pollution Control Board of
Region r:o. 2, at its regular rr.ecting on D~<:E:JrJber 20, 1~5l.

TO .~T D U!,D p~':"("'.~Tt; 1,-", J.', ru..n .J.~l.
1j""' CU'.'.-" ".0 01"-"';:-' .'rJJJ.- w-#.- -~. to;

Re~~.cnal ;iz~(~r ?cllutio~ Control
Boal'd l~ o. 2

-~ * *

-2-
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The Board recognizes the fact that wells discha!'ging effluent from
septic tanks and surface runoff from str(.;e"t.s and hig:1..1aJ:"S e)~ist in the Regio~ and
that im.'nediate abandonment may be impractical. Hoy/eve!', this Board beli~vLs that
no new installations of this type should be permitted and that more satis:~~torjT
drainage methodG should be substituted for cxisting installations at the earli-
est pructicable date.

.( ; ..1' F'") ;~..i' ( I;"£:1 ;: -8 -/.:>!.C..-;v f~~".1 .(!L<,v. :1 t ..~-<- -

II ?1; ~ (!.;..t, t~...f.') ,;..~.~\...~...t',,~,-"---

12/28/51
Copies to:

Bur. of Sanitary ~g. (3)
Div. of Fish & G8me
Diy. of Viater Resources
v. Bacon
1/2 /52 -(with attached letter of trans'littal)
Heal th Officers of the 9 counties in this Region (plus those listed for cities not unclE:r
Each County Er~inear county supervision)
Chair~an & Members of Planning Cv~issicn (all 9 counties)
Ron. Cnainnan t-c ~llbers of the Board of Supvervisors "n "

1/3/t;2 -Each Board lAember
15 ~dd'l copies to Alamf~a Co. Health Officer .

1/i,...:2 -Desmo:ld Teeter, County Engineer, Court House, ]~artinez (Per tel. request or J31.lrtC!l)
Lloyd Baker, City ~ginecr, 1-1t.. View.. Calif. (Pcr his telephone request) (i';/].::i.Irleo.I,et""o~',-c;--
Vim. Blackfield, 145 l~d. tOIi1Cl St., S.F. ../I nrro: Charles 1. Coburn, Consult. ~ng., Baruc of Am. H1dg., 12 S. First St., SanJose

Geo. S& l~olte.. 310 Universi tj- Ave., Palo Alto

1/~52- Robert Garcia, Sec.-Treas., San Jose Branch, Associated Drilling Contractors..

... ) 1870 Bc,yshore H\'fY. Palo Alto~/9/52 -D.D.1'!atson,Real Estate Co~ssJ..oner, (3 '

Dept. cf Investments, Div. of Real Estate, 10210 St., Sacto.

Edwin J. Yarkin, Associated l~ome Builders cf S.F., 31 Ge~JT St., S.F. ~

A. Punchon, Fed. Housing Adm., 180 l~ew liontgamery, SF (2) '.

1/10 -Fred ~~. Horne (Airrigation Eng.), Box H, Robles Del liio, Calif.
Veterans Adm., Subdivision Section, 49 -4th St., SF
Richad Brig~:s, Directr of Regnl Of c., FHA, 180 tlew Montgomery St., SF .

1/16 -Hon. l'layor & City Councilmen of the follOi'ling ~itie5: .
A1.ronsrla, Albar:.y, Berkeley.. Hay-liard, Oakland.. RJ.cllmond.. ~ Jose, & San Laanaro.

1/16 -Herbert Crorl1e.. Alameda County Flood Control, Court House, O&~land

1/21 -Harry Goodridge, 161.2 P.rch St., Berkeley .
Castro V8lley Sanitary Dist., 20400 Marshall St., Castro Valley ,

1/23 -E&~. A HofL~lan, Dir. of Public wiks., Richmond (5 cc)

3/3 -GorC.on L~verty, East Bay 1:. U.D., 2127 Adeline, Oakland

3t -Dick Foraker, Bld;;:;. Insp... City of San !.~andro

'j: R. L. Crain, 10 C:,.1ifornia J)rive, Burlinga.~e, Calif.

7rjS"~ -(!...}J. .9J.~~..o.::" ~.I:.!.A--Il ~'4~~.,-.~

h 1/s-3 -'"}1Ltc" 7"71. \./~ .'R.~ oC/) :3..< ~ 0 ~.t...;.J"f.t..J 1~-t-Ltif" <!~ ".

~~ ~"" ,- '-' xy;" -.L6:; IJL.."""" ~J( ,..j..(. J:~,,;..,,-j.:.;
? ~, -". v... ...,. ~/\. ,-" ..."'"">" ""'1;3."""," , ./.,'. ..~ .

') /, j r j. (I' '. .
I-)~-/ ~77 -t.\.-?-I\.. tlr';""-i..'t..c.'v .J"~~ t""~i. 6tJ_.~. ~~..«-::<" .Jc;.-.1 ~~~~~.c

"'"'",.""'"=





References

Schartwz, W.A. and T.W. Bendixen: Soil Systems For Liquid Waste
Treatment and Disposal: EnvironlilentalFact6rs, SWPCF,
April 1976, Vol. 42, No.4

(2)

McGauhey, P.H. and R.B. Krone: Soil Mantle As A Wastewater Treatment
System, SERL Report No. 67-11, December 1967

Healy. K.A. and R. Laak: Sanitary Seepage Fields -Site! Evaluation
And Design. University of Connecticut. School of Engineering Report
No. CE-73-61. February 1973

(5) .Romero, J.C.: The Movement of Bacteria and Viruses Through Porous Media,
Ground Water, April 1970, Vol. 8, No.4

U.S. Department of Health, Education and Welfare: ~lof Septic -
Tank Practice, Public Health Service Pub. No. 526 reprinted 1969

Otis, R.J., etal.: On-Site Disposal of Small Wastewater Flows,
Environmental Protection Agency Technology Transfer, 1977

Bouma, J.: New Concepts in Soil Survey In'terpertationsFor On-Site
Disposal of Septic Tank Effluent, Soil SCI, Soc. Amer. Proc., Vol. 38,
1974

(9) Palmer, E.L.: On-Lot Subsurfa .Cooperative
Extension Service, College of esources.
University of Connecticut, Pub. No. 73-42, May 1973.

(10) Bouma, J.: Use of Physical Methods to Expand Soil Survey Interpertations
~f Soil Drainage Conditions, Soil SCI Soc. Amer. Proc., Vol. 37, 1973

California Regional Water Quality Control Board, Central Valley Region:
Guidelines For Waste Oisposa1From Laod~~evelopments, excerpt from
Water Qua1i"ty Control Plan, July 25, 1975

(11)

12) Bauma, J.: Unsaturated Flow During Soil T1"eatment of Sep!ic Tank
Effluent, Journal of Environmental Engineering Division ASCE,
December 1975

--52



13) Cottera1, J.A. and D.P. Norris: ~~pticTa~~Syst~ms, Journal of the
Sanitary Engineering Division, ASCE proceedlngs, August 1969

(14) Franks, A.l.: Geology For Individual Sewage Disposal Systems, California
Geology, September 1972

15) Cooper, R.C.: Waste Water Management and Infectious Disease, Part I and
ll, Journal of Environmental Health, Nov/Dec 1974 and Jan/Feb 1975

16) ABAG: Septic Tank Systems- The Problem and Possible Solutions
Tech. Memo 4, February-1-977,Revlsed May 1977

17) Goldstein, S.N. and W.J. Moeberg: Wastewater Treatment Systems For
Rural COIn!!!!!nities, Corrmission on Rural Water, Washington D.C., 1973

18) Bouma, J., J.C. Converse, F.R. Magdoff:Dosin~andRestinqto Improve
Soil AbsorptionBeds~ Transactions of the ASAE~ 1974

19) conyerse, J.G.: Distribution of Domestic Was!~ Effluent in Soil
Absorption Beds, Transactions of the A5AE, 1974

(20) Guide Forlnterpertj~9EngineeringUsesof Soils, USDA, Soil Conservation
Service, November 1971

Wi nneberger , J.T. and J.W. Klock: Current and Recommended Practices For
~~bsurface Wastewater Systems in Arizona, Engineering Research Center,
Arizona State University

(21)

(22) Department of Environmental Resources~ Commonwealth of Pennsylvania:
Technical Manual For SewageEnforcementOfficers~ second printing
April 1977

(23) Winneberger J.T., A.B. Arnold and P.H. McGauhey: A Study of Metbods
of Preventing Failureof,Septic -Tank Percolation Fields, Second
Annual Report, SERL, 1962

(24) Healy, K.A. and R. Laak: Problems with Effluent Seepage Beds, ~Jater
& Sewage Works, October 1974

(25) Bouma, J:, etal: Dosin~ and Resting to Improve Soil Absorption Beds,
Transactlons of the ASAE -1974

(26) SWRCB: Rura1 vlastewaterDisrosal Alternatives; Final P.eport -Phase' 1,
September 1977

(27) Bendixen, T.W., eta1: ~tudies on Household Sewaqe Disposal Systems,
Public Health Service, 1950

(28) Kropf, F.W., R. Laak and K.A. Healy: EQui1ibriumOperationof
Subsurface AbsOrption Systems, JWPCF, September 1977

53 -



vS

'J~+'JoUU°:J 'lvl "ON .llna 'slTQS
+n'J~+'Jo uol :)ju~J;:j -~-:J pU1~ -3"0 'll~H (££)

LL6l 'swa+sf.s +uaW:j.ee.Al .Aa+eMa+seM llew~; uo .Aeu~weS
\fd3 'lesodS~apU~+uew+ea.Ale5e~das :)jaze~ 'M'r pu~ '\f'r '.AadooJ (l£)

vS6L A.A'en.Aqa:l '(~ ON '9v Lo/\
uo~~'e~JOSS~ S~.AOM ~a+eM u'eJ~.AQWV "r 's+uE~nLLod Lej~wa4JPu'e Le~.Aa~J'eg

Jo ~uawaAow puno.A5.Aapun :Aa4nESJW °Hod pue qoL.AO °loS 'OS"g '.AaL+ng (0£)

SL6L .{oqwo:}.doS -3JSV 'UO~S}A}a ofieu~e.{a pue uo~:}.efi~.{.{I o4:~ J.o Leu.{nor
'L~OS uI sosn.{~i\ pue e~.{o:}.;)e8 .{o:}.eMo:}.seM J.o o:}.e;j :lE:}.o "d'J eq.{o8 (6l)




